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To the READER. 


RT 5, » the following Treatiſe being far more prolix 
IM then becomes 4 Leiter,and then I at bf intendedit, 1 
Ore 47 very unwilling to encreaſe the already exceſſive 
SFO 3 bulk of the Book by 4 Preface, yet there are ſome Par « 
®Q ticulars that I think my ſelf oblig'd 1otake notice of to 
the Reader, 4s things that will either concern him to know, or me to 
have knows. 

In the firſt place then : If it be demanded why 1 publiſh to the 
World 4 Letter, which by its Stile and diverſe Paſſages, appears to 
have been writen as well For, as to a particular Perſons Ibave 
chiefly theſe two things to anſwer : The one, That the Experiments 
therern related, having been many of them tryd in the preſence of I1a- 


genious Men; and by that means having made ſome noiſe among 


the Virtuoli (inſomnuch that po them have been ſent into Fo- 
reign Countries, where they have had the luck not to be deſpiſed) ? 


could not, without quite tyring more then one Amanuenlis, give out 


half as many Copies of themw as were ſo earneſtly defired, that I could 
not crvilly Kor them. The other, That intelligent Perſons in mate 
ters of this kinde, perſmaded me, that the publication of what 1 had 
cbſerv/d touching the nature of the Air, would not be uſeleſs to the 
World; and that in an Age ſo taken with Novelties as is ours, theſe 
new Experiments would be grateful to the Lovers of free and reab 
Learning : So that { might at once comply with my grand Deſign of 
promoting Experimental and Uſeful Philoſophy, and obtain rg at 
ſatufattion of giving ſome to ingenious Men z, the hope of which, 
#, 1 confeſs, a temptation that I cannot caſily reſiſt. 

Of my being ſomewhat prolix in of my Experiments, I have 
theſe Reafons 16 render, That npof them being alrogether new, 
ſeem'd toned the being circumſtantially related, to keep ths Reader. 

[43] from 


To the Reader. 
from diftraſting them: That divers Circumſtances 1 did here and 
there (et dow for fear of forgetting them, when I may bereafter bave 
otcaſion to make uſe of them in my other Writings : That in divers 
caſes I thought it neceſſary to deliver things circumſtantially,that the 
Perſon 1 addriſſed them to, might, without miſtake, and with as [it - 
tlc trouble a3 is poſcable, be able to repeat ſuch _— Experiments : 
and that after I conſented to let my Obſervations be made publick,the 
moſt ordinary reaſon of my prolixity was, That foreſecing that ſuch + 
a trouble as I met with in making thoſe tryals carefully, and the great 
expence of time that they neceſſarily require (not to mention the 
charges of making the Engine, and 1niploying a Man to manare it) 
will probably keep moſt Men from trying again theſe Exprriments : 
1 thought 1 might do the generality of my Readers no unacceptable 
piece of ſervice, by ſo punttually relating what 1 carefully ob ſerv'd, 
that they may look upon theſe Narratives as ſtanding Records in our 
new Pneumaticks, and need not reiterate themſelves an Experiment 
to have as diftintt an 1dea of it, as may ſuffice them to ground their © 
Refleftions and Speculations upon. | 

And becauſe ſometimes tis the Diſcourſe made upon the Experi- 
ment that makes it appear prolix, IThave commonly left a conſpicu- 
045 interval betwixt ſuch Diſcourſes, and the Expertments mwhere- 
nnto they belong,or are annexed ; that they who depre onelythe Hiſta» 
rical part of the account we give of our Engine, may read the Narr a- 
tives, without being put tothe trouble of reading the Ref eftions too : 
which [ here take notice of for the ſake of thoſe that ere well verſ din 
the New Philoſophy, in the Mathematicks;that ſuch may skip what 
was defignd but for ſuch Perſons 45 may be leſs acquainted,even then 
1,with matters of this nature(ſcarce ſo much as mentiond by any Wri- 
ter in our Language) and not from them for whom I ſhall be much 
more forward tolearn, then topretend to teach them. of my being 
wont to ſpeak rather doubtfully, or heſitantly, then reſolvedly, con- | 
cerning matters wherein 1 apprehend ſome aifficulty, I have inane- 
ther Treatiſe (which may, through Gods aſsiſtance, come abraad ere 
long)given a particular,and,7 hope, [atifattory account © mherefore 
F-ſball now aeferid my pradtice but by the Obſervation of Ariſtotle, 


who 


To the Reader: 
who ſomewhere notes, That to ſeem to know all things certainly, and 
to [peak poſitively of them, i 4 trick of bold and young Fellows : 
whereas thoſe that are indeed intelligent and conſiderate, are wont to 
imploy more wary and diffident Expreſsions , or (as he ſpeaks) 
axxnNa(ir dv mÞ lms & 7 74% 

There are divers Refleftions, and other Paſſages in the followin 
Epiſtle, and even ſome Experiments (occaſionally mention'd) which 
may ſeem either impertinent or ſuperfluous, but are not ſo: Being 
purpoſely written, etther 16 evince ſome truth oppoſ'd, or diſprove 
ſome erroneou conceit maintain 'd by ſome eminent New Phileſtpher, 
or by ſome other Ingenious Men, who, 1preſum'd, would eaſily for- 
give me the having on ſuch occaſions purpoſeh omitted their Names ; 
though an inquiſitive Perſon will probably diſcover divers of them, 
by the mention of the Opinions diſprov'd in the Experiments I am 
excnſing. 

Ever ſince I diſcern'd the uſefulneſs of ſpeculative Geometry to 
Natural Philoſophy, the unhappy I” of my Eyes, have ſo 

far kept me from being much converſant in it, that I fear 1 ſhall need 
the pardon of my Mathematical Readers, for ſome Paſſages, which, 
if 1had been deeply 5kili'd in Geometry, I ſhould have treated more 
accurately 

And indeed, having, for Reaſons elſewhere deduc'd,purpoſely kept 
my ſelf a ſtranger to moſt of the new Hypotheſes in Philoſophy,l am 

ſenſible enough that the Engine I treat of hath prevail'd with me to 

write of ſome ſubjetts which are ſufficiently remote from thaſe I have 
been woſt converſant in, And having been reduc'd to write the 
greateit part of the enſuing Letter at a diſtance, not onely from my 

Library, but from my own Manuſcripts, I cannot but fear that my 

Diſcourſes do not onely want many choice things wherewith the Learn- 

ed Y Vritings of others might have enriched or imbeliſhed them : But 

that partly for this reaſon, and partly for that touch'd upon alittle 
before, It is poſsible 1 may have mention'd ſome Notions already pub- 
liſh'd by others, without taking notice of the Authors, not out of 
any deſign to defraud deſerving Men, but for want of knowing ſuch 
particulars to have been already publiſh'd by them : Eſpectally the 

' E Ex 


To the Reader; 
Experiments of our Engine being themſelves ſufficient ta hint ſuch 
Notions 45 we build upon them, 

The order of the Experiments every Reader may alter, as ſuits 
beft with his own Deſign in peruſing they: For not onely all thoſe be- 
twixt whom there is an Affinity in Natwe (by belonging to one ſub - 
ject) are not always plac'd one by another, but they are not flill ſet 
down ſo much 45 in the order wherein they were made; but moſt com- 
wonly in that caſual oxe wherein my occaſions induc'd me todiſpatch 
them tothe Prefs, And, which i worſe, 1 didaſually ſend quite aw 
the former Experiments, _— the later were written, or ar $a 
winch 43 made : Whereby I loſt the advantage of corretFims and ſup- 
plying the Imperfections of what I had formerly written, by the light 
of my ſubſequent Tryals and Diſcoveries. : 

Beſides all this, the diftemper in my Eyes forbidding me not onely 
to write my ſelf ſo much as one Experiment, but even to read over 
my ſelf what 1 dittated to others. I cannot m—_— that beſaaes the 
Authors miſtakes, this Edition may be blemiſh'd by many, that may 
be properly imputed to 4 very unskilful Writer (whom I was often- 
times by haſte, reduc'd againſt my cuſtom, to imploy) and may have 
eſcaped the Diligence of that Learned Friend, that doth me the fa- 
wor to overſce the Preſs ; eſpecially, there being the diſtance of two 
days Fourney betwi x1 it and me. | 

I need not, perhaps, repreſent to the equitable Reader, how much 
the ſtrange Confuſions of this unhappy Nation, inthe midſt of which 
1 have made and written theſe Experiments, are apt to diſturb that 
calmneſs of minde, andundiftrattedncſs of Thoughts, that are wont 
to be requifite to Happy Speculations. But f preſume, that by all 
theſe things put together, he will readily perceive, That I have been 
fo far from following the Poets prudent Counſel touching the ſlow 
Publication of Books deſign'd to purchaſe credit by, 


—- Nonamque prematur in Annum 
that I ſuffer this Treatiſe to come abroadints the VVorld with a mul- 


141ude of Diſadvantages. 
ES But 


To the Reader. 

But if it be demanded, why then I did not make it fitter far the 
Preſs before I ſent it thither ? my Anſwer muſt be, That not at firſt 
imagining that this ſort of Experiments would prove any thing near 
ſo troubleſome, either to make, or to Record, as I afterwards found 
them, I did, to engage the Printer to diſpatch, promiſe him to ſend 
him the whole Epiſtle in a very ſhort time So that although now and 
then the occaſional vacations of the Preſs, by reaſon of Feſtivals, or 
the abſence of the Correftor, gave me the leiſure to exſpatiate upon 
ſome ſubjetF ; yet being oftentimes call d upon to diſpatch the Papers + 
to the Preſs, my promiſe, and many unexpected Avacations, obli- 
ged me to a haſte , which, though it hath ditratted nothing from the 
Faithfulneſs of the Hiſtorical part of our Book, hath (I fear) been 
diſadvantagtows enongh to all thereſk, And 1 made the leſs ſcruple 
to let the following Papers paſs out of my hands, with all their Im- 
perfettions ; becauſe, as the Publick Aﬀairs, and my own, were 
then circumſtane'd, I knew not when (if at all) I ſhould be again in 
4 condition to proſecute Experiments of this kinde,, eſpecially, ſince 
(to omit my being almoſt weary of being, as it were, confin'd to one 
ſort of Experiments) 1 am pre-ingag'd(if it pleaſe God to vouchſafe 
me Life and Health) to imploy my firſt leiſure in the publication of 
ſome other Phyſtologi. al Papers, which I thouzht 'twould make me 
much the fitter to take in hand, if 1 firſt diſpatch'd all that I had at 
this time to write tonching our Engine, 

1 have this farther to adae, by way of Excuſe, That 4s it hath 
been my d:ſign in publiſhing theſe Experiments to gratifie Ingenious 
Men; ſo, if I have not been much flattered, I may hope that the 
various hints to be met within the following Letter, will (at leaſt) 
ſomewhat awaken Mens thoughts, andexcite them to new Speculati- 
ons (ſuch as perhaps even inquiſitive Men would ſcarce elſe light 
upon) and I need not deſpair, that even the examination of ſuch new 
Suſpicions and Enquiries will hence alſo, at leaſt eccaſtonally, be fa- 
oo : I ſaid occaſionally, becauſe it being, as "tis proverbially 
ſaid,Facile Inventis addere : 7t ſeems not irrational toexpett, that 
our Engine it ſelf, and divers of our Experiments, will be much pro- 
moted by the induſtry of _ 7% Mathematical Wits, whoſe 

4 Con- 


| To the Reacer, 
Contrivances may eafily either corret#-or ſupply, and conſequently 
ſurpaſs many of thoſe we have made uſe of. And, panticalarly, if 
Men by skill and patience can arrive both to evacuate ſach Rectivers 
45 ours, tell there be no more Air left tm they, then there ſeems to 
have remain d'm the Glaſſes made uſe of about the Magdebureick E x- 
periment (hereafter to be mentioned) ard id keep ont the Air for 4 
competent while, the Uſefulneſs and Diſcoveries of our Engine, will 
not be a little advancd. And perhaps that may belong to it, which 
1 remember Seneca ſpeaks of Nature: Initiatos (ſaith he) nos cre- 
dimus, in Veſtibulo ejus hxremus : For bezng now 2n a place where 
we are not quite deftitute of moderately : kilful Artificers, we have, 
fince the Concluſion of the following Leiter, made ſome Additions 18 
our Engine, bywhoſe help we finde (apon ſome new tryals) that we 
may be able, without much of new trouble, to keep the ambient Aiy 
out of the exhauſted Receiver for a whole day ;, and perhaps we ſhould 
be able to keep it out much longer, if before we ſhall have diſpatchy'd 


ſome urgent Afﬀairs, and publiſh'd ſome Papers for which a kinde of 


' Promiſe # thought to make us Debtors to the Preſs, we could be at let- 
ſure to proſecnte ſuch Experiments, as may poſsibly afford a Supple- 


ment to the following Treatiſe, from which 7 ſhall now no longer de- 
tain the Reader. 


"Vb.3 


Friendly Reader, 


Know all Perſons that have a publick Spirit for the 
Advancementof Learning, will think much char this 
piece came not out in a Language of more general Uſe, 
then this you ſceit now atir'd in; eſpecially fince the Ex- 
cellenc Noble Perſon, whois the Author, is known to be 
well able himſelf (being almoſt univerſally a Linguiſt) ro 
have given it either the Old Latin, or the Newer French 
Drels. | 
Burif ic be an Honor toa Language to be preferr'd, and 
this Honor breeds ſometimes an Emulation, as anciently ir 
did between the Greeks and Romans, it cannot bethoughr 
unhandſome for an __ Nobleman to have preferr'd 
his own: And itmay be a ſufficient Reaſon for the Gen- 
try of Forein Parrs to learn our Speech, or keep lnterpre- 
ters, that they are ſure to have for their requital, from ma- 
ny of our Engliſh Writers (as herefrom this Piece) much 
curiouſly ingenious, and profitable Learning. 

Bur as to this Particular (give me leave to uſe Words 
from a Story) Since the Mountain cannot come to Mahomer, 
Mahomert w./l go to the Mountain: | mean thus; Becaule 
many witty Men, Perſons of Honor and Eſtate eſpecially, 
may be ſuppoPdto be able ro make a better account, by 
employing their Studies and Time on Matter then Words, 
and (o arc juſtly impeded from learning Languages ; And 
becauſe (as I may jndge) the Noble Author. is willing to 
oblige all Men, He hath already provided, that this Piece 

Caz] | ſhall 


ſhall ſhortly be doneinto Latine,that ſoit may come home ® 
to divers ray 6 Perſons in its Stream, who cannot tra- 
vel to finde it out in its firſt Origine, 

Havingtherefore leave ſoto do, | cannot forbearto give 
the World the Advertiſement of this Latine Edition, leſt 
ſomeskilful Artiſt ſhould take needlefs painsabouta work, 
which will, erelong by Gods furtherance) bedoneto his 
Hands ; For ſuch unprofitable expences of Study have roo 
frequently happened, and too much to the diſadvantage of 
Learning, for want of a ſufficient Correſpondence and [n- 
rercourſe beryyeen ſuch as are exerciſed in the Mines of 
Wildom, 

This is all the trouble I ſhall at preſent give you: Nor 
ſhall I need minde you, if you have a true guſt for the 
Book you read, to have an honor and thankful regard to 
the Perſon that hath favor'd us with the Communication 
of theſe his Tryals, and is manifeſtly ſo greata Patron-and 
Friendto Experimental Learning,and all true Wiſdom; for 
ſhould you * inthis,you might deſervedly be depriv'd of 
ſome other Obſeryations on - ſame ſubjet, which the 
_—_ L hear, hath made ſince the finiſhing of this Trea- 
tiſe. 

I deſire to be excuſed ihat1 do not make Excuſes for the 
ſlowneſs of the Publication, hoping that the long expe- 
Ration you have had of it, will enhance, and not dimi- 
niſh your delight inthe enjoyment of a piece like to be, a- 
mongſtthe Students in accuratePhiloſophy, of ſogeneral- 
acceptance, Farewel. 


R:. Sh: 
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A Summary of the chief Matters treated of jackls 
Epiſtolical Diſcourſe, 


He: Proxmium, wherein « ſet down | breaking of a Bladder in the Receiver. And 
the occaſion of this Diſcourſe. 1.7 he| of anther by h: at. 27, 28 
motives that induc'd the Anthcy | T he ſixth Experiment, of divers ways 
thereuxto. 2. Th: hints he received. 3.T he | by which the claſtical (xpanſrin of the Air 
things wh:rein this En Line excels any that | was meaſur d, 29, &C. 
have yet been made uſc of. 4. The deſcri Tve ſevemh Experiment , toncheng 
ption of the Engine and its parts, - 5 &C. what Figare duth brſt reſiſt the preſſe of 
T he way of preparing and uſing it, 8 &c. | the Air, 34: 
The diviſuon of the Experiments tryable The eighth Experiment, tending to 4 
ther by into two ſorts, and the difficulty of | farther Demenſtration of the forn er, from 
excluding the Air: 10, &C. | the breaking of a glaſs Helmet inward. 
The firſt Exſpriment , toxching the 35 
manner of pumping out the Air, andby| The ninthExperiment, contains a far= 
what degrees the Recevver is emptyed, | ther confirmation from the breaking of a 
11, &c. A digreſſion touching the Spring ; Glaſs ourward, 36 &Cc. with an Experi- 
or Elaſtical power of the Air, with an at+ | ment toprove, that theſe Phaxnomena pro 
rempt for a Mechanical Explication | ceed not from an invincible Fuga vacui,. 
thereof, neceſſary ro be premiſ*d for the ex-| 38. A deſcription of other ſmall Rectio 
planation of the Phxnomena, «xbhibir cd, vers, and their Comveniencics, 39 &C. 
in this and th: ſubſequent Experiments | A Receipt jor the making of aCompoſiti- 
12, &c. | cn to cement crack 'dG laſs 40 
The ſecond Experiment» touching rhe | The tenth Experiment, ronching the 
preſſure of the Air againſt the ſides of the | flaming of Candles incloſed in the Receix- 
Bodies it invirons, 20 &Cc. with a digreſ= | ver. 40, &C. 
ſive Explication of the preſſure of the Air| The leventh Experiment , touchin 
included within an ambient Boay, 21 &C, © the burning of Coals: and the laſting of 
The third Experiment, ronching the | the excandeſcence of an included piece of 
force requiſite ro draw down the Sucker, ! Jroy. 43 
23 &c. The Opinion of an eminent 6c The rwel ſth Experiment, concerning 


d:ru Naturaliſt examin'd. 24 &C. | the burning of Match. 45; 
T he fourth Experiment, touching thel The thirteemh Experiment, concerne 

_ ſwelling of a Bladder ,, with the degrees by | ing the farther proſecution of the -prece» 
which it increaſeth, 25, &C. Another O« | ding, tending ro prove the extin{lion of the. 
pinion of a Learned Anthor examin'd. | Fire in the 05a Experiments; not to 
| 26 &c. | have proceeded from the preſſure of the Fire 

The fiſth Experiment, rouching the | by the Fumes. Sume remarkable Circums 


ſtances: 


ances of it, The Bxperiment of Match | ation of the" beight of the Mercurial Cy» 
try'd in aſmall Receiver. 46,47 | linder in the ſame Tube, with an offcr at 
The fourteenth Experiment, touching | the Reaſon thereof. 65, &c, 
the ſtriking Fire, and kindling of Powder | The nineteen h Experiment, ronching 
with the Lock.of a Piſtl in the evacuated | the ſubſiding of a Cylinder of Water, 71. 
Receiver. 48, &c. | The ſame try din a ſmall Receiver. 72 
' The fifteenth Experiment , uri} T ve twentieth Experiment, rouchins 
the wnſucceſsfulneſs of kindling included | the Elater of Water , with a digreſſize 
Bodies with a Burning-glaſs, and the | Experiment to the ſame purpoſe. 72 &C. 
Anthori intention to profecut: it farther. | The 21 Experiment, being 4 proſecu- 
JO | tion of the former Enquiry, by experi. 
The fixte:nth Experiment, concerning | menting th: Generation of Bubbles unger 
the operation of the Loadſton?. 52 | Water, arecital of ſome notable Circum- 
T be ſeventeenth Experiment, touching | ftances, with ſome obſervable Corollaries 
the gradual d:[cent of the Qnick-folver ; dednc'd therefrom. 74 &C. 
#n the Torricellian Experiment, 52, &c.} The 22 Experiment, tenaing to a dc- 
Some obſervable Circumſt ances concern-| termination of the Enquiry propeſ d in 
ing ir,56 &Cc. T he ſame Experiment try'd\ the former Experiment, b proving the 
in on: of the (mall Receivers, 57. How | matter of theſe Bubbles Gab their per- 
this Experiment may ke made uſe of to, manency to be Air: The Experiments 
havw the ftrength of the preſſure of th: Air | try'd in the great and ſmall Receivers, 
for every degree of Rarefailion, 58 &C., evincing the ſame thing, 78 &c. An Ex- 
The tryal of the ſame Experiment 1n a | periment wherein th:re appear'd Bubbles 
T whe not two fort long, 59. The raiſing | in © «ich-filver, $1. The Authors In- 
of the Mercurial Cylinger, by the for- | ference, 82. A digreſsive Enquiry, whes 
cing of more Air into the Receiver, 1Þ. | ther or n» Air may be generated anew ; 
Some Allegations for and againſt a Vacus | with ſev.ral Hiſtories and Experiments, 
um conſed.r d, 60 &c. Some Advertiſe | rending to the reſolving and clearing 
ments concerning th: inconveniencies that thereof, 83 &c. The Anthors excuſe for 
ma) ariſe from the diverſity of meaſures lo long a D-greſſion. 92 
made uſe of for the defining the altitude of The 23 Experiment , containing 4a 


c 


the Mercurial Cylinder ; and from the 
wmeglett of little parcels of Air apt to re-+ 
main between the Mercury and the con- 


cave ſurface of the Tube, 62 8&Cc. Some 


| farther enquiry touching Bubbles made 
with common and diſtill'd Water. 93 
Th: 24 Experiment, wherein the «cn- 
quiry 4 proſecuted with other Liquirs,4s 


Expedients for the more exaft filling the 
Tube, 63. The h.ight the Author once 

found of the 14 reurial Cylinder, accord- 
 8#ng to Engliſh meaſure. 64 


with Sallet Ol, Oyl of Tarpentine, 4 S0« 
lation of Tartar, Spirit of Vin:gar, Red- 
Wine, Milk, Hens Eggs,Spirit of Urine, 
Spirit of Wine and Water, $ porit of Wine. 


The cagbteenth Experiment, contain- 1 95 &c. The wond:r ful expanſion of the 
5u 1 a new Obſcruation touching the vari- | Spirit of Wine. 


99 
The 


Th: 25 Experiment, touching the ex. 
panſion and gravity of the air under wa- 
ter. 100 &C. | 

The 26 Experiment , touching the 
Vibrations of a Pendulum. 103 &c, 

The 27 Experiment, ronching the pro- | 
pagation of ſound : and the Authors in» 
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LORD of DUNGARVAN, 
My Honered and Dear Nerasz w, 


My Dear Lord, 


>= [Eceiving in your laſt from Pars, a cefire that 1 
Ye would adde ſome more Experiments to thoſe I 
Wl formerly ſent You over: I could not be ſo much 
1, &] your Servant aSI am, withouc looking upon that 
== Delireas a Command; and conſequently, with- 
out thinking my Selt obliged to conſider by what ſort of Ex- 
periments it might the moſt acceptably be obey'd. And ar the 
ſame time, perceiving by Letters from ſome other Ingenious 
Perſons at Pars, that ſeveral of the Y:rtuoſs there, were very 
intent upon the examination of the Intereſt of the Air, in hins 
dring the deſcent of the Quick-f1]ver, in the famous Experi- 
ment touching a Yacuwm: Ithought I could not comply with 
your Deſires in a more fit and ſeatonable manner, then by pro. 
ſecuting and endeavoring to promote that noble Experiment of 
Torricelius : and by preſenting Your Loryſhip an account of my 
attempts to illuſtratea ſubject, aboar which (it's being ſo much 
diſcour(* of where you are, together with your inbred Curio - 
ſity, and love of Experimental Learning) made me ſuppoſe 
you ſufficiently inquiſitive. 

And though I pretend not to acquaint you, on this occaſion, 
with any ſtore of neiw Ditcoveries, yet poſſibly I (hall be ſo hap. 

[BJ] 
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py, 2s to affiſt you to know ſome things which you did former- 
by bur ſuppoſe ; and ſhall preſent you, 1fnot with new Theories, 
at leaſt with new Proofs of ſuch as are not yet become unque- 
ſtionable. And if whart I ſhall deliver, hath che good fortune to 
encourage and aſhſt yu ro proſecute the Hints it will afford, I 
ſhall account my ſelf, in paying of a duty to you, to have done 
2 piece of Service to the Commonwealth of Learaing. Since 
tt may highly conduce to the advancement of that Experimen- 
tal Philoſophy, the effeRual purſuit of which, requires as well 
a Purſe as a Brain, to endeer it to hopeful Perſons of your Qua» 
lity : who may accompliſh many things, which others can but 
wiſh, or at moſt, but deſign, by being able to imploy the Pre- 

ſents of Fortune in the ſearch of the Myſteries of Nature. 
AndIam-not faintly induc'd to make choice of this SubjeR, 
rather then any of the expected Chymical ones, to entertain 
Your Lordſhip upon, by theſe two Confiderations: The one, 
That the Air being {o neceſſary to humane Lite, that not onely 
the generality of Men, but moſt other Creatures that breath, 
cannot live many anizntes without it; any conſiderable dilcove- 
ry of its Nature, ſeems likely to prove of moment to Man- 
kinde. And the other is, That the ambient Air, being that 
whereto both our own Bodies, and moſt of the others we deal 
with here below, are almoſt perpetually contiguous; not only 
its alterations have a notable and manifeſt ſhare in thoſe obvious 
Effects, that Men have already been invited to aſcribe thereunto 
(ſuch as are the various Diſtempers incident to humane Bodies 
eſpecially if crazy in the Spring, the Antumo, and alſo on moſt 
of the great and ſudden changes of Weather) bur likewiſe, 
the further diſcovery of the Nature of the Air, will probably 
diſcover to us, that it concurs more or leſs to the exhibiting of 
many Phenomena, in which it hath hitherto ſcarce been ſuſpe&- 
ed to have any Intereſt. So that a true account of any Experi- 
ment that is New concerning a thing, wherewith we have ſuch 
conſtant and necetlary intercourſe,may not onely prove of ſome 
| advantage 
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advantage to humane Lite, but gratifie Philoſophers, by pro- 
moting their Speculations ona Subject which hath ſo much 09- 
portunity to ſollicite their Curioſity, 

And I ſhould immediately proceed to the mention of my Ex- 
periments, but that I like too well that worthy ſaying of the 


Naturaliſt Pl;vy, Benignum eſt & plenum ingenui pudorss, faters yn prajy, 
per quos profeceris, not to contorm to 1t, by acquainting your lib: ». 


Lordſhip, 1n the firſt place, with the Hiat I had of the Engine I 
am to entertain you with, You may be plea('d coremember,thar 
a while before our ſeparation in Eze/ard, I told you of a Book 
that I had heard of, but not peruſ'd, publiſh'd by the induſtri- 
ous Jeſuit Schottus, wherein 'twas ſaid, He related how that in- 
genious Gentleman, Otto Gericke, Conſul of Magdebare, had 
lately praftic'd in Germany a way of emptying Glals Veſlels, by 
ſucking our the Air at the mouth of the Vetlel, plung'd under 
Water : And you may alſo perhaps remember, that I expreſi'd 
my {elf much delighred with this Experiment, fince thereby 
the great force of the external Air(either ruſhing in at the open'd 
Ocitice of the empty'd Veſlel, or violently forcing up the Wa- 
terinto1t) was rencired more obvious and conſpicuous then in 
any Experiment that I had tormerly ſeen. And thoughit may 
appear by ſome of thoſe Writings I ſometimes ſhew'd your 
Lordſhip,chat I had been ſollicicous to try things upon the tame 
ground yetin regard this Gentleman was before-band with 
me in producing ſuch conſiderable Eftets, by means of the ex. 
ſuction of Air, Ichink my ſelf oblig'd to acknowledge the al- 
{iſtance and encouragement, the Report of his Performances 
hath afforded me. 

Bur,as tew inventions happen to be at firſt ſo complear, as not 
£0 be either blemiſhed with ſome deficiencies needfnl to be re- 
medy'd, or otherwiſe capable of improvement : ſo when the 
Engine we he been ſpeaking of, comes to be more attentive-= 
ly confider'd, there will appear two very conſiderable things to 
be delir'd inic. For firſt, the }Vind Pump (as ſomebody not 
CES | im- 
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improperly calls it) is ſo contriv'd, that to-evacuate the Veſlel; 
there is requir'd the continual labor of two ſtrong Men for di- 
vers hours. And next (which is an imperfe&ion of much great- 
er moment) the Receiver, or Glaſs to be empty'd, conſiſting 
of one entire and uninterrupted Globe and Neck of Glaſs; the 
whole Engine is ſo made, that things cannot de convey'dinto it, 
whereon to try Expetiments : So that there ſeems bur little (it 
any thing) more to be expeRted from it, then thoſe very few 
Phenomena that have been already obſerv'd by the Author, and 
rzcorded by Schottus, Wuheretoreto remedy theſe Inconveni- 
ences, I put both Mr, G. and R. Hook (who hath alſo the Hos 
nor to be known to your Lordſhip, and was with me when I had 
theſe things under conſideration) to contrive ſome Air Pump, 
that might not, like the other, need to be kept under Water 
(which on divers occaſions is convenient) and might be more 
eafily manag'd : And after an unſucceſsful tryal or two of ways 
propol'd by others,the laſt nam'd Perſon firted me with a Pump, 
anon to be deſcrib'd. And thus the firſt Imperfeion of the 
Germesn Engine, was in good meaſure, though not perfe&ly re- 
medy'd : And to ſupply the ſecond dete&,it was conſidered that 
it wouldnot perhaps prove impoſſtble to leave inthe Glaſs to 
be empty'd,a hole large enough to put ina Mans Arm cloath'd 
and conſequently other Bodies, not bigger then it, or longer 
then the inſide of the Veſlel. And this Delign ſeem'sd the more 
hopeful, becauſe I remembred, that having l(everal years betore 
often made the Experiment De Yacuo with my own hands, I 
had, to examine ſome Conjectures that occurr'd to me about 
ic, cauſed Glaſles to be made with a holeat that end, which uſes 
to be ſeal'd up, and had nevertheleſs been able, as occaſion re- 
quir'd, to make uſe of ſuch Tubes, as it no ſuch holes had beea 
leftin them, by devifing ſtopples for them, made of the com- 
mon P]aiſter call'd Diachylen : which I rightly enough gheſ{'q, 
would , by reaſon of the exquiſite commixtion of its ſmall 
parts, and clotenels of its texture, deny all acceſs to the _ 
na 
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nal Air. Wherefore, ſuppoſing that by the help of ſach Plai- 
ſters, carefully laid upon the commiſſures of the ſtopple and 
hole to be made in the Receiver, the external Air might be hin- 
dred from infinuating it ſelf between them, into the Veſlel, we 
cauſed ſeveral ſuch Glaſſes, as you will finde ceſcrib'd a little 
lower, to be blown at tne Glaſs- houſe; 2nd though we could 
not get the Work-men to blowany of them ſo large, or of ſo 
convenient a ſhape as we would fain have had; yet finding one 
to betolerably fir, and leſs unfit then any of the reſt, we were 
content to make uſe of it in that Engine : Of which, I ſuppoſe, 
you by this time expedt the Deſcription, in order to the recital 
of the Phenomena exhibited by it, 

Togive your Lordſhip then, in the firſt place, ſome account 
of the Engine it ſelf: Ir conſiſts of two principal parts z a glaſs 
Veſlel, anda Pump tocraw the Air out of it. 

The former of theſe (which we, with. the Glaſs-men, ſhall 
often call a Receiver, for its 2thnity to the large Veſlels of that 
name, uſed by Chymiſts) conſiſts of a Glaſs with a wide hole 
at the top, of a cover tothat hole, andof a Stop-cock faſtned 
to the end of the neck, at the bottom. 

The ſhape of the Glaſs; you will finde expreſÞd in the firſt 
Figure of the annexed Scheme, And forthe ſ1ze of ir, it con- 
tain'd about 3o Wine Quarts, each of them containing near two 
Poun4 (of 16 Ounces to the Pound) of Water: We ſhould 
have been better pleaſ'd with a more capacious Veſſel, but the 
Glaſs- men profeſſed themſelves unable to blow a larger,of ſuch 
a thickneſs and ſhape as was requitite to our purpoſe. 

At the very top of the Veſſel, (A) you may obſerve around 
hole, whoſe Diameter (BC) is of about four Inches, and 
whereof, the Orifice 1s incircled with a lip of Glals, almoſt an 
Inch high : For the making of which lip, it was requiſite (to 
mention that upon the by, in caſe your Lordſhip ſhould have 
ſuch another Engine made for you) to have a hollow and taper- 
ing Pipe of Glaſs drawn out, whereof the Orifice above __ 
tione 
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tioned was the Baſis, and then to have the Cone cut off with 
an hot Iron, within about an Inch of the Points(B C.) 

The uſe of the lip, is to ſuſtain the cover delineated in 
the ſecond Figure; where (DE) points our a braſs Ring, 
ſo caſt, as that it doth cover the lip (B C) of the firſt Ft- 
£ure, andis cemented on, upon it, with a ſtrong and cloſe Ce- 
ment, To the inward rapering Orifice of this Ring (which is 
about three Inches over) are exquiſitely gronnd the {ides of the 
Braſs ſtopple(F G; ) fo that the concave ſuperficies of the one, 
andthe convex of the other, may touch one another in ſo many 
places, as may leave as little acceſs, as poſſible, ro the external 
Air: And1nthe midſt of this cover is let a hole (H I) of about 
half an Inch over, invironedalſo with a Ring or Socket of the 
ſame Mettal, and fitted likewiſe with a Brals ſtopple (K) made 
in the form of the Key of a Stop- cock ,and exactly ground into 
the hole(H 1) itis to fill;ſoas that, though it be turn'd roundia 
the cavity it poſleſles,it will not let in the air,& yet may be put 
in or taken out at pleaſure, for uſes to be hereafter mentioned. 
In order to ſome of which, it is perforated with a little hole, (8) 
traverſing the whole hickneſs of 1t at the lower end , chrough 
which, andalittle Braſs Ring (L) faſtned to one (1de (no matter 
which) of the bottom of the ſtopple (F G) a ſtring (8, 9 10) 
might paſs, to be imploy'd to move ſome things in che capacity 
of the empty'd Veſlel, without any where unſtopping i it. 

Thelaſt thing belonging to our Receiver, is the Stop-cock, 
deſigned in the firſt Figure by (N,) for the better faſtening of 
which to the neck, and exadeer excluſion of the Air, there was 
ſoder'd on to the ſhank of the Cock (X) aPlareof Tin, (MT 
UW) long enough to cover the neck of the Receiver. But be- 
cauſe the cementing of this was a matter of ſome difficulty, it 
will not beamils co mention here the manner of it; which was, 
That the cavity of the Tin Plate was fill'd with a melted Ce- 
ment, made of Pitch, Roſin, and Wood-aſhes, well incorpora- 
ted and co kinder this liquid Mixcure from gerting into the -_ 
rice 
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rifice (Z) of the ſhank, (X) that hole was opt with a Cork, to 
which was faſtned a ſtring, whereby it might be pull'd out ar 
, theupper Orifice ofthe Receiver ; and then, the Glaſs neck of 
the Receiver being well warm'd, was thruſt into this Cement, 
and over the ſhank, whereby ir was effected, that all the ſpace 
betwixt the Tin Plate and the Receiver, and betwixt the inter- 
nal ſuperficies of the Receiver, and the ſhank of the Cock, was 
fill'd with the Cement; and ſo we have diſpatch'd the firſt and 
upper part of the Engine. 

The undermoſt remaining part conſiſts of a Frame, and of a 
ſucking Pump, or as we formerly call'd it, an Air Pump, ſup- 
portedbyit: The Frameis of Wood, ſmall, bur very ſtrong, 
conſiſting of threelegs, (1 1 1 ) ſoplac'd, that one fide of it 
may ſtand perpendicular, that the free motion of the hand may 
not be hindered. In the midſt of which frame, is tranſverſly 
nail'd a board, (222) which may nor improperly be call'd a 
Midriff, upon which reſts, and to which is ſtrongly faſtned, the 
main part of the Pump it ſelf, which is the onely thing remaia- 
ing to be deſcribed. 

The Pump conliſts of four parts, a hollow Cylinder, a Suc- 
ker, a handle to move that Sucker, and a Valve. 

The Cylinder was (by a patcern) caſt of Braſs; it is in length 
about 14 Inches, thick enough to be very ſtrong, notwithſtand- 
ing the Cylindrical cavity left within it ; this cavity is about 
three Inches Diameter, and makes as exat a Cylinder as the 
Artifice: was able to bore. This hollow Cylindre is fitted with 
a Sucker, (4455) conſiſting of two parts; the one (44) ſome- 
whart leſs in Diameter then the cavity of the Cylinder, upon 
which is 0ail'd a good thick piece of tann'd Shoe-leather, which 
will go ſo cloſe tothe Cylinder, that it will need to be very 
forcibly knock'd and ram'd in, if at any time it be taken outs 
which is therefore done, that it may the more exaQtly hinder the 
Air from inſinuating it {elf berwixt it and the ſides of the Cys 


linder whereon it is to move. 
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To the midſt of this former part of the Sucker is ſtrongly fa- 
ſtned the other 3 namely, a thick and narrow plate of Iron (55) 
ſomewhat longer then the Cylinder, one of whoſe edges is 
ſmooth, bur at the other edge it is indented (as I may fo ſpeak) 
with arowof Teeth, delineated in the Scheme, into whoſe in. 
tervals are to befitted, the Teeth of a ſmall Iron Nut, (« 8) (as 
Tradeſ-men call it) which is faſtned by rwo ſtaples (22) to the 
under fide of the formerly mention'd tranſverſe boar1 (222) on 
which the Cylinder reſts, and is turn'd to and fro by the third 
piece of this Pump, namely, the handle or 1Zanubrivm, (7) of 
which the Figure gives a ſutficient deſcription. 

The fourth and laſt part of this Cylinder, is the Valve, (R) 
conſiſting of a hole bored through at the top of the Cylinder, a 
little tapering towards the cavity; into which hole is ground a 
tapering Peg of Braſs, to be thruſt in, and taken our at pleaſure, 

The Engine being thus deſcrib'd, it will be requiſite to adde, 
that ſomething is wont to be done before it be ſet on work, for 
the more eafie moving of the Sucker, and for the better excluſi- 
on of the outward Air : which, when the Veſlel begins to be 
exhauſted, is much more difficult to be kept our, then one would 
eaſily imagine. 

There muſt then be firſt powr'd in at the top of the Receiver 
alictle ſallad Oy], partly to fill up any ſmall intervals that may 
happen to be betwixr the contiguous ſurfaces of the internal 
parts of the Stop-cock : And partly, that it may be the more ea- 
ſie co turn the Key (S) backwards and forwards. Pretty ſtore 
of Oyl muſt alſo be pour'd into the Cylinder, both that the 
Sucker may {lip up and down in it the more ſmoothly and free- 
ly, and that the Air might be the better hinared trom getting in 
between them : And for the like reaſons, a little Oyl is to be 
uſed alſo about the Valve, Upon which occaſion, it would not 
be omitted (tor it is ſtrange) that ofrentimes, when neither the 
pouring inof Water, nor even of Oyl alone, prov'd capable 
to make the Sucker move eaſily ehough in the Cylinder, a 
mixture 
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mixtnre of both thoſe Liquors would readily (ſometimes even 
to admiration) perform the deſired effect, And laſtly, the 
Braſs cover of the Receiver, being pur into the Braſs ring for - 
merly deſcrib'd, that no Air may get between them, it will be 
very requiſite to plaiſter over very carefully the upper edges of 
both, with the Plaiſter formerly mentioned, or {ome other as 
aloſe, which is to be ſpread upon the edges with an hot Iron 
that, being melced, it may run into and fill up all the cranies, 
or other little cavities, 2t which the Air might otherwiſe get 
EALrance, 

All things being thus fitted, andthe lower ſhank (O) of the 
Stop-cock being put into the upper Orifice of the Cylinder (&) 
into which it was exactly ground, the Experimenter is firſt, by 
turning the handle, to forcerthe Sucker to the top of the Cy- 
ligder, that there may be no Air left in the upper part of it : 
Then ſhutting the Valve with the Plug, and turning the other 
way, he is to draw down the Sucker to the bottom of the Cy- 
linder z by which motion of the Sucker, the Air that was for- 
merly in the Cylinder being thruſt our, and none being per- 
mitted to ſucceed in its room, *tis manifeſt that the cavity of 
the Cylinder muſt be empty 1n reference to the Air. So that 
if thereupon the Key of the Stop-cock be ſo turn'd, as that 
chrough the perforation of it, a tree pailig? be opened berwixr 
the Cylinder and the Receiver, parc of the Air formerly con- 
rain'd inthe Receiver, will nimbly de{cend into the Cylinder, 
And this Air being, by che turaing back of the Key, hinder'd 
from the returning into the Receiver, may, by the opening of 
the Valve, and forcing up ot the Sucker to the top of the Cy- 
linder again, be driven out into the open Air, And thus by 
the repetition of the motion of the Sucker upward: and down- 
ward, and by opportunely turning the Key, and ſtopping the 
Valve, as occaſion requires, more or leſs Air may be fuck*d our 
of the Receiver, according to the exigency of the Exoeriment, 
and the intention of him that makes ir. 
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Your Lordſhip will, perhaps, think that I have been unne- 
cefſarily prolix in this firſt part of my Diſcourſe: Bur if you 
had ſeen how many unexpected difficulties we found to keep 
out the external Air, even tor alittle while, when ſome con(i- 
derable part of the internal had been ſuck'd out, You would 
peradyentureallow, thatT might have ſer down more circum- 
ſtances then I- have, without ſetting down any, whole know - 
ledge, he that ſhall cry the Experiment, may not have need of. 
Which is ſo true, that, before we proceed any turther, I cannot 
think it unſeaſonable to advertiſe Your Lordſhip, that there are 
two chief ſorts of Experiments, which we _ in our En- 
vine to make tryal of : The one, ſuch as may be quickly dif- 
patch'd, and therefore may be try'd in our Engine, though ir 
leakalittle, becauſe the Air may be taſter drawa our, by vim - 
bly plying the Pump, then it can get in at undiſcern'd leaks, I 
ſay at undiſcern'd leaks, becauſegſuch as are big enough to be 
diſcover'd, can ſcarce be uneafie to be ſtopt, The other ſort 
of Experiments conſiſts of thoſe that require, not onely that the 
internal Air be drawn out of the Receiver, but that it be like- 
wiſe for a long time kept out of it.” Suchare the preſervation 
of Animal and other Bodies therein, the germination and growth 
of Vegetables, and other tryals ot feveral forts, which it is ap- 
parent cannot be well made, unleſs the external Air can, for a 
competent. while, be excluded: Since, even at a very ſmall 
leak, there may enough get in, to make the Yacunm ſoon looſe 
that name; by which I here declare once for all, that I under- 
ftanJ not a ſpace wherein there is no Body at all, but ſuch as is 
either altogether, or almoſt totally devoid of Air. 
Now this diſtinion of Experiments I thought fit topremiſe 
to the enſuing Narratives, becauſe, upon tryal, we found it (0 
exceeding (and ſcarce imaginably) difficult a matter, to keep 
out the Air from getting at all in at any imperceptible hole or 
flaw whatſoever, ( in a Veſlel immediately ſurrounded with the 
compreſſed Atmoſphere, ) that in ſpight of all our care and dili- 
KDE | gence, 


ence, wenever were able totally ro exhauſt the Receiver, or 
eeP it when it w2s almoſt empty, any conſiderable time, from 
leaking more or leſs : although (as we have lately intimated) by 
unwearied quicknels in plying the Pump, the internal Air can 
be much faſter drawa out then the external can get in, till the 
Receiver come to be almoſt quiteempty, And that's enough 
to enable Men to diſcover hitherto unobſerved Phenomena of 
Nature. 

The Experiments therefore of the firſt ſort, will, I fear, 
prove the onely ones wherewith my Avocations will allow me 
to entertain Your Lordſhip in this Letter. For till your fur- 
ther Commands ſhall engage me to undertake, by Gods per- 
miſſion, ſuch an Employment, and moreleaſure ſhall better fir 
me for it, I know not whether I ſhall be in a condition to try 
what may be done, to enable me to give you ſome account of 
che other ſort of Experiments alſo. 


— 
- —_— 


EXPERIMENT I. 


= O proceed now to the Phenomena, exhibited to us by the 

Engine above deſcribed; I hold it not unfit to begin with 
what doth conſtantly and regularly offer ir ſelf ro our obſerva- 
tion, as depending upon the Fabrick of the Engine it ſelf, and 
not upon the nature of this or that particular Experiment which 
'tis employed to try. 

Firſt, then, upon the drawing down of the Sucker ( the 
Valve being ſhut) che Cylindrical ſpace, deſerted by the Sucker, 
is left devoidof Air, and therefore, upon the turning of the 
Key,the Air contained in the Receiver ruſheth into the emptyed 
Cylinder, till the Air in both thoſe Veſlels be brought to about 
an equal meaſure of dilatation. And therefore, upon — 
the Receiver by returning the Key, if you open the Valve, an 
force up the Sucker again, you will finde, that after this firſt 
2 | EX= 


12) 
exſuction you will drive out almoſt a whole Cylinder full of 
Air: But at the following ex(uctions, you will draw leſs an1 
leſs of Air our of the Receiver into the Cylinder, becauſe 
there will ſtill remain leſs and leſs Air in the Receiver it ſelf; and 
conſequently, the Particles of che remaining Air, having more 
room to extend themſelves in , will leſs preſs out one another. 
This you will eaſily perceive, by finding, that you ſtill force 
leſs and leſs Air out of the Cylinder; ſothat when the Reci- 
ver is almoſt exhauſted, you may force up the Sucker almoſt 
to the top of the Cylinder, before you will need to unſtop the 
Valve tolet out any Air: Andifat ſuch time, the Valve being 
ſhut ,- you let go the handle of the Pump, you will finde the 
Sucker forcibly carryed up to the cop ot the Cylinder, by the 
protruſion of the external Air z which, being much lets rarifi- 
ed then that within the Cylinder , mnſt have a more forcible 
preſſure upon the Sucker, then the internal is able co tefiſt: 
And by this means you way know how far you have emptyed 
the Receiver. Andto this we may adde, on this occaſion, that 
conſtantly upon the turning of the Key to let out the Air from 
the Receiver, into the emptied Cylinder, there is immediate- 
ly produced a conſtberably brisk noiſe, eſpecially whilſt there 
iS any plenty of Airin the Receiver. 

For the more ealte underſtanding of the Experiments tryable 
by our Engine, I thought it not ſuperftuous, nor unſeaſonable 
inthe recical of this firſt of them, co inſinuate that notion by 
which it ſeems likely that moſt, it nor all of them, will prove 
explicable, Your Lordſhip will eaſily ſuppoſe, that the No- 
tion I ſpeak of is, Thar there is a Spring, or Elaſtical power in 
the Air welivein. By which ia«ne or Spring of the Air that 
which I meane is this: Thar our Air either conſiſts. of ,. or ac 
leaſt abounds with, parts of ſucha nature; that in caſe they be 
bent or comprell'd by the weight of the incumbeat part of the 
Atmoſphere, or by any other Body , they do endeavor , as 
much as in them lyeth, to free themſelves from that preſſure, by 
bea- 
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bearing againſt the contiguous Bodies that keep them bent, and, 

aſſoon as thoſe Bodies are remov'd or reduced to give them way, 

by preſently unbending and ſtretching out themſelves, either 
quite, or (o far torth as the contiguous Bodies that reſiſt them 

will permit, and thereby expanding the whole parcel of Air, theſe 

elaſtical Bodies compole. 

This Notion may perhaps be ſomewhat further explain'd, by 
conceiveing the Air near the Earth to be ſuch a heap of little Bo- 
. dies, lying one upon another , as may be reſembled to a Fleece 
of Wooll. For this (to omit other likeneſles betwixt them ) 
conſiſts of many ſlender and flexible Hairs; each of which, may 
indeed, like alittle Spring, be eafily bent or rouled up z but will 
alfo, like a Spring, be ſtill endeavouring to ſtretch it ſelf our 
again. For though both theſe Haires, and the Aereal Corpu- 
ſcles to which we liken them, do ealily yield toexternall preſ- 
ſures; yeteach of them ( by virtue of its ſtructure) is endow*d 
with a Power or Principle of ſelte- Diiatation z by virtae where- 
of, though the hairs may by a Mans hand be bent and crouded 
cloſer together, and into a narrower room then ſuits beſt with the 
nature of the Body, yer, whil't the compreſſionlaſts, there is 
inthe fleece they compoſeth an endeavour outwards, whereby it 
continually thruſts againſt the hand that oppoſerh its Expanſion, 
And upon the removall of the external preſſure, by opening the 
hand more or leſs, the comprefled Wooll doth, as it were,{ponta- 
neouſly expand or diſplay it felf towards the recovery ot its tormer 
more looſe and free condition, till the Fleece hath either regain'd 
its former Dimenſions, or at leaſt, approach'd them as neare as 
the compreſling hand (perchance not quite open'd) will permit. 
This Power of ſelfe-Dilatation, is ſomewhat more conſpicuous 
ina dry Spunge compreſl'd,- then in a Fleece of Wooll. Bur 
yet werather choſe roimploy the latter, on this occaſion, be- 
cauſe it is not likea Spunge , anintire Body; but anumber of 
ſlender and flexible Bodies, looſely complicated, as the Air it 
ſelf ſeems to be. 

There is yet another way toexplicate the Spring of the Air, 
Name- 
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namely , by ſuppoſing with that moſt ingenious Gentleman, 
Monſieur Des Cartes, That the Air is nothing but a Congeries 
or heap of ſmall and (for the moſt part) of flexible Particles, of 
ſeveral ſizes, and of all kind of Figures which are rai('d by heat 
( eſpecially that of the Sun) into that Alutd and ſubtle Ethereall 
Body that ſurrounds the Earth , and by the reſtleſſe agitation of 
that Celeſtial Matter wherein thoſe Particles ſwim, are ſo whirl'd 
round, that each Corpuicle endeavours to bear off all others 
from coming within the little Sphere requiſite to its motion a» 
bout its own Center; and (in cafe any, by intruding into that 
Sphear,ſhall oppoſe its tree Rotation) ro expell or drive it away : 
So that according to this Doctrine, it imports very little, whether 
the particles of the Air have the ſtructure requiſite to Springs, or 
be of any other form (how irregular ſoever) {ſince their Elaſtical 
power is not made to depend npon their ſhape or ſtrufture, but 
upon the vehement agitation , and (as it were) brandiſhing mo« 
tion, which they receive from the fluid Ether that ſwiftly flows 
between them , and whirling about each of them (independently 
trom thereſt) not onely keeps thoſe {lender Acereal Bodies ſepe- 
rated and ftretcht out (at leaſt, as far as che Neighbouring ones 
will permit) which otherwiſe , by reaſon of their flexibleneſs 
and weight , would flag or curl; but alſo makes them hit againſt, 
and knock away each other , and conſequently require more 
room , then that, which, it they were compreſ'd, they would take 
up. 

By the(e two differing ways, my Lord, may the Springs of the 
Air be explicated. Burt though the former of them be that , 
which by reaſon of its ſeeming tomewhat more eafie, Iſhall for 
the moſt part make uſe otin the following Diſcourſe: yet am1 
not willing to declare peremptorily for either of them,agaiaſt the 
other. And inzeed, though I have in another Treatiſe endea- 
voured to make it probable, that the returning of Elaſtical Bodies 
(it Imay ſo call them) forcibly bent, to their former poſition, 
may be Mechanically explicated: Yet I muſt confeſs, that to de- 
termine whether the motion of Reſtitution in Bodies , Ro 
| om 
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from this, That the parts of a. Body of a peculiar Struture are 
put into motion by the bending of the Spring, or from the endea- 
your of ſome ſubtle ambient Body, whoſe paſſage may be op- 
poſ'd or obſtructed, or elſe it's preſſure unequally reſiſted by 
reaſon of the new ſhape or magnitude , which the bending of a 
a Spring may give the Pores of it: To determine this, I ſay, 
ſeems tomea matter of more difficulty , then at firſt ſight one 
yould eaſily imagineit., WheretoreT ſhall decline medling with 
aSubjeR, which is much more hard to be explicated, then neceſ. 
fary to be ſo , by him, whoſe buſineſs ic is not, in this Letter , 
to aſſign the adequate cauſe of the Spring of the Air, bnt onely 
to manifeſt, That the Air hath a Spring, and to relate ſome of its 
eftes. 

I know not whether I need annex that, though either of the a+ 
bove-mention'd Hypotheſes, and perhaps ſome others, may af- 
ford us an account plauſible enough of the Air's Spring; yet I 
doubt, whether any of them gives us a ſufficient account of its 
Nature, And of this doubt, I might here mention ſome Rea- 
ſons , but thar, per2dventure, I may ( God permitting ) have a 
fitter occafion to ſay ſomething of it ellewhere. And therefore 
Iſhould now proceed tothe next Experiment, bur that I think 
inrequiſite, firſt, to ſuggeſt to your Lordſhip what comes into 
my thoughts, by way of Anſwer to aplauſible ObjeRion, which 
I toreſee you may make againſt our propoſ'd Doctrine, touching 
the Spring of the Air, For it may be alleadged, that though the 
Air were granted to con(iſt of Springy Particles © ( it I may fo 
ſpeak ) yet thereby we could onely give an account of the Dila- 
tation of the Air in Wind Guns and other pneumzrical Engines 
wherein the Air hath been compreſÞ'd, and its Springs violently 
bent by an apparent externall force ; upon the removall of which, 
'tis no wonder that the Air ſhould, by the motion of reſticution 
expand it (elf till it hath recovered its more natural dimenſions: 
whereas in our above- mentioned firſt Experiment, and in almoſt 
all others tryable in our Engine, it appears not, that any compr(- 
honof the Air preceded its ſpontaneous Dilatacion or Expantion 
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of it ſelf, To remove this difficulty , I muſt defire Your Lord: 
ſkip to take notice, that of whatever nature the Air, very remote 
from the Earth, may be, and what ever the Schools may confi- 
dently teach to the contrary , yet we have divers Experiments 
toevince, thatrhe Atmoſphere we live in,is not (otherwiſe then 
comparatively to more ponderous Bodies ) light , but heavy: 
And did not their gravity hinder them , it appears aot why the 
the ſtreams of the Terraqueous Glove, of which our Air in great 
part conſiſts, ſhould not riſe much higher, then the Retraftions of 
the Sun, andother Stars givemenground to think, that the At- 
moſphere, (even in the judgement of thoſe Recent Aſt onomers, 
who ſeem willing toenlargeits bounds as much as they dare, )doth 
reach, 

Butleſt you ſhould expe&t my ſeconding this Reaſon by Ex- 
periencez and leſt you ſhould object, That moſt of the Experi- 
ments that have been propol'd to prove the gravity of the Air, 
have been either barely propol'd, or perhaps not accuratly try'd, 
I am content, before I paſs further , ro mention here, ThatT 
found a dry lambs: bladder containing near about two thirds ofa 
pint, and compreſ['d by a packthred tyed about it, to looſe a grain 
and the eighth part ot a grain of its former weight , by the receſs 
ofthe Airupon my having prickt it: And this with a pair of 
Scales, which, when the full Bladder and the correſpondent weight 
were init, would manifeſtly turne either way with the 32 part of 
agrain, Andait it be farther objected, Thar the Airin the Blad- 
der was violently compreſſ'd by the Pack-thred and the fides of 
the Bladder , we might probably ( to wave prolix anſwers ) be 
furniſh'd with a Reply , by ſetting down the differing weight of 
our Receiver, when empty'd and when full of uncompreſſ'd Air, 
if we could here procure Scales fit for ſo nice an Experiment; ſince 
were informed, that in the German Experiment, commended 
at the beginning of this Letter, the Ingenious Tryers of it found,” 
That their Glaſs Veſſel, of the capacity of 32 meaſures, was 
lighter when the Air had been drawn out of it, then before , by 


no leſs then one ounce and; that is, an ounceand very neare a, 
third 
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third : But of the gravity of the Air, we may elſewhere have oc- 
cafion to make further mention. 

Taking it then for granted that the Air is not devoid of weight, 
it will not be uneafte to conceive, That that part of the Armo- 
ſphere wherein we live, being the lower part of it, the Corpulſ- 
cles that compoſe it, are very much compreſF*d by the weight of 
all thoſe of the like nature that are diretly over them; thar is, 
of all the Particles of Air, that being pil'd up uron them, reach 
to the top of the Atmoſphere. And though the height of this 
Armoſphere, according to the famous Kepler, and ſome others, 
ſcarce exceeds eight common miles yet other eminent and la- 
ter Aſtronomers, would promote the confines of the Armoſphere 
to exceed {ix or {even times that number of miles. An the dili- 
gentand learned R:ccrolo mekes it probable, that the 4rmoſphere 
may, at leaſt in divers places, be ar leaſt fifry miles high, So 
that according to a moderate eſtimate of the thickne\s of the 
Atmoſphere, we may well ſuppoſe, that a Column of Air, of 
many miles in height, leaning upon ſome ſpringy Corpuſcles of 
Air here below, may have weight enough to bend their little 
ſprings, and keep them bent :. As, (toreſume our tormer compa- 
riſon,) it there were fleeces of Wooll pil'd up to a mountainous 
height, upon one another, the hairs that compoſe the lowermoſt 
Locks which ſupport the reſt, would, by the weight of all the 
Wool above them, be as well ſtrongly compreſl'd, as if a Man 
ſhould ſqueeze them together in his hands, or imploy any ſuch 0- 
ther moderate force to compreſs them, So that we need not 
wonder, that upon the taking off the incumbent Air from any 
parcel of the Atmoſphere here below, the Corpuſcles, whereof 
that undermoſt Air conſiſts, ſhould diſplay themſelves, and take 
up more room then betore. 

Andif it be objeRted, That in Water, the weight of the up- 
per and of the lower part is the {ame :- I anſwer, Thar, (beſides that 
it may be well doubted whether the obſervation, by reaſon of the 
great difficulty, hath been exaly made,) there is a manifeſt diſpa- 
tity beawixt the Air and Water: For [| have not found, upon an 
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Experiment purpoſely made, (and in an other Treatiſe Recorded) 
that Water will ſufter any conſiderable compreſſion z whereas we 
may obſervein Wind- Guns (to mention now no other Engines) 
that the Air will ſuffer it ſz]fe ro be crouded into a comparatively 
very little room, in ſo much, that a very diligent Examiner ofthe 
Phenomena of Wind- Guns would have us believe, that in one of 
them, by condenſation, he recuc'd the Air into a ſpace at leaſt eight 
times nsrrower then it before poſleſt. And to this , if we adde a 
noble Phenomenon of the Experiment De Y acuo, thele things put 
rogether, may tor the preſent ſuffice ro countenance our Doctrine, 
For that noble Experimenter, Monſieur Paſcal (the Son) had the 
commendable Curiofity to cauſe the Torrice/ltan Experiment to 
be try'dat the foot , about the middle, an at the top of that high 
Mountain (in Awverene, if I miſtakenot) commonly call'd Le 
Puy dr Domme ; whereby it was found , That the Mercury in the 
Tube tell:down lower, about three inches,at the top of the Moug- 
rain thenat the botrom. And a Learned Man a while fince in- 
form'd me, Thar a great Yirtwoſo, friend ro us both, hath, with not 
unlike ſucceſs , tryed the ſame Experiment inthe lower and upper 
parts of a Mountain in the Weſt of England. Ot which, the reaſon 
ſeems manifeſtly enough to be this , That upon the tops of high 
Mountains, the Air which bears againſt the reſtagnant Quick-fil- 
ver, is leſs preſs'd by thele(s ponderous incumbent Air; and con. 
ſequently is not able —_ to hinder the deſcent of ſo tall and 
heavy a Cylinder of Quick-11]ver, as at the bottom of ſuch Moun- 
_ did but maintain an AXquilibriam with the incumbent Armo- 
ere. 

: Aadif it be yet further Objeed againſt what hath been pro- 
pos d touching the compaRneſs and preſſure of the Inferior Air; 
That we finde this very Air to yeild readily to the motion of little 
Flies, and even totbat of Feathers , and ſuch other light and weak 
Bodies; which ſeems to argue, that the particles of our Air are not 
ſo compreſs'd as we have repreſented them, eſpecially , fince by 
our former Experimentit appears , that the Air readily dilatedit 
ſelte dowaward ,from the Receiver into the Pump, when 'tis plain, 
that 
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thatic is not the incumbent Atmoſphere, but onely the ſabjacent 
Air inthe braſs Cylinder that hath beenremov'd: It this, I (ay, be 
objeted, we may reply , That, when a man (queezeth a Fleece of 
W ool in his hand, he = feel that the Wooll inceſſantly bears 
againſt his hand, as that which hinders the hairs ir conliſts of, to 
recover their former and more natural extent. So each parcel of 
the Air about the Earth, doth conſtantly endeavour to thruſt away 
all thoſe contiguous Bodies, (whether Aerial or more grols,)thar 
keep it benf, and hinder the expanſion of its parts, which will dilate 
themſelves or fly abroad towards that pare, (whether upwards or 
downwards,)where they finde their attempted Dilatzrion of them- 
ſelves leſs reſiſted by the neighboring Bodies. Thus the Core 
puſcles of that Air we have been all this while ſpeaking of , being 
unable, by reaſon of their weight, to aſcend above the Convexity 
ofthe Atmoſphere , and by reafoa of the reſiſtance of the ſurface 
of the Earth and Water, to fall down lower , they are forced, by 
their own gravity and this reſiſtance, to expand and diffuſe them- 
ſelves about the Terreſtrial Globe; whereby it comesto pals, thar 
they muſt as well preſs the contiguous Corpuſlcles of Air that on 
either ſide oppoſe their Dilatation, as they muſt preſs upon the 
ſurface of the Earth, and, as it were recoyling thence, endeavor to ' 
thruſt away thoſe upper particles of Aur that lean upon them. 
And,as for the eafte yeilding of the Air to the Bodies that move 
in it,if we conl1der that the Corpuſcles whereof it conliſts, though 
of a (pringy nature, are yet (o very (mall , as to make up {which 
'tis manifeſt they doe) a fluid Body, ir will not be difficult to.con- 
cerve, that in the Air, as in other Bodies that are fluid, the liccle 
Bodies it confiſts of,arein an almoſt reſtleſs motion, whereby they 


become (as we have more fully diſcourſed in another Treatiſe) os _" 
' of 


touch 


very much diſpoſed to yeild to other Bodies, or eaſy to be diſpla- 
cdby them; and chat the ſame Corpuſcles are likewiſe ſo variou- 
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roves able to move it ont of its place, the preſſure on all hands 
ing reduced as it were to an equilibrium: ſo that the Corpulcles 
of the Air muſt be as well ſometimes conſidered under thenotion 
of little Springs, which remaining bent, arein their entire bulk 
tranſported from place toplace; as under thenotion of Springs 
diſplaying themſelves , whoſe parts fly abroad, whilſt, as to their 
entire bulk they ſcarce change place: As the two ends of a Bow, 
ſhot oft, fly from one another , whereas the Bow it ſelfe may be 
held faſt inthe Archers hand ; and that it is the equal preſſure of 
the Air on all ſides upon the Bodies that are in it, which cauſeth the 
eaſy Ceſſion of its parts, may be argu'd from hence: That it by the 
help ot our Engine the Air be but-in great part, though not totally, 
drawn away from one fide of a Body without being drawn away 
from the other; he that ſhall think to move that Body too and fro, 
as eaſily as before, will finde himſelf much miſtaken, 
In verification of which we will, to divert your Lordſhip al:rtle, 
mention here a Phenomenon of our Engine , which even to divers 
ingenious perſons hath ar firſt fight ſeem'd very wonderful, 
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EXPERIMENT IL 


He thing that is wont to be admired, and which may paſs for 

our ſecond Experiment is this, That if, when the Receiver is 
almoſt empty, a By-ſtander be defired to litt up the braſs Key (for- 
merly deſcribed as a ſtopple in the braſs Cover) he will findeit a 
difficult thing to do ſo, if the Veſſel be well exhauſted; and even 
when but a moderate quantity of Air hath been drawnout, he will, 
when he hath lifted it up aliccle, ſo chat it is ſomewhat looſe from 
the fides of the lip or ſocket , which (with the help of alittle oyl) 
it exaQly filled before, he will (I ſay) finde it fo difficult to be lib 
tedup, that hewill imagine there is ſome great weight faſtned to 
the bottom. of it. Andif (as ſometimes hath been done for merri- 
ment) onely a Bladder betyedto it, it is pleaſant toſee how mea 
wil 
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pill marvail that ſo light 2 Body, filled at moſt but withAir,ſhould 
ſo forcibly draw dowa their hand as if it were fil d with ſome very 
ponderous thing : Whereas the cauſe of this pretty Phenomenon 
ſeems plainly enough to be onely this, Thar the Aur in the Recei- 
yer, being very much gilated it's Spring muſt be very much weak- 
n'd,8 conſequently it can but faintly preſs up the lower end of the 
ſtopple, whereas the Spring of the external Air being no way debi- 
litated, he that a little lifts up the ſtopple muſt with his hand ſup- 
port apreflure equal to the diſproportion berwixt the force of the 
internal expanded Air, and that of the Armoſphere incumbent up. 
on the upper part of the ſame key or ſtopple : And ſo men being 
unuſed to finde any reſiſtance, inlifting things up , from the tree 
Air above them, they are forward to conclude that that which de- 
preſſeth their hands muſt needs be ſome weight, though they know 
not where plac'd, drawing beneath it. 

And,that we have not miſ-aſſign'd the cauſe of this Phenomenon, 
ſeems evident enough by this; That as Air is ſuffered by little and 
little to get into the Receiver , the weight that a man fancieth his 
hand ſupports, is manifeſtly felt co decreaſe more and more, the in- 
ternal Air by this recruit approaching more to an eAquilibriuns 
with the external, till at length the Receiver growing again full of 
Air, the ſtopple may belifted up without any difficulty ar all. 

By ſeveral other of the Experiments afforded us by our Engine, 
the ſame notion of the great and equal preſſure of the free Air upon 
the Bodies it environs, might be here manifeſted , but chat we 
think it not ſo fit to anticipate ſuch Experiments: And therefore 
ſhall rather employ a few lines to clear up the difficulty rouching 
this matter, which we have obſerv'd to have troubled ſome even of 
the Philoſophical and Mathematical SpeRators of our Engine, 
who have wonder'd that we ſhould talk of the Air exquiſitely ſhut 
up in our Receiver, as if it were all one with the preſſure of the Ar- 
moſphere; whereas the thick and cloſe body of the Glaſs, wholy 
impervious tothe Air, doth manifeſtly keep the incumbent Pillar 
of the Atmoſphere from preſſing in the leaſt upon the Air within 
the Glaſs, which it can no where come to touch. To elucidatea 
[D 3] lictle 
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little this matter, let us conſider, That if a man ſhould take a fleece 


of Wooll, and having firſt by compreſfling it in his hand reduc'd it 

into anarrower compals, ſhould nimbly convey and ſhut it cloſe 

up into a Box juſt fit forit\, though the force of his hand would 

then no longer bend thoſe numerous ſpringy Bodyes that compoſe 

the Fleece, yet they would continue as ſtrongly bent as betore, 

becauſe, the Box they are inclo{'d in,would as much reſiſt their re- 

expanding of themſelves, as did the hand that put them in. For 

thus we may conceive, that the Air being ſhut up, when its parts 

are bent by the whole weight of the incumbent Atmoſphere, 

though that weight can no longer lean upon it, by reaſon icis kept 

off by the Glaſs, yer the Corpuſcles of the Air within chat Glaſs 
continue as forcibly bent, as they were before their incluſion, be- 
cauſe the ſides of the Glaſs hinder them from diſplaying or 

ſtretching out themſelves, Andit it be objeRed that this is un- 

likely, becauſe even Glaſs bubbles, ſuch as are wont to be blowa 

at the flame of a Lamp, exceeding thin, and Hermetically ſeal'd, 

will not break ; whereas it cannot be imagin'd that ſo thin a Priſon 

of Glaſs could reſiſt the Elaſtical forceot all the included Air, if 
that Air were ſo compreſſ'd as we ſuppoſe: It may beeaſfily re. 
ply'd, That the preflure of the inward Air againſt the Glaſs, is 
countervail'd by the equal preſſure of the outward againſt the 
ſame Glaſs. And we ſee in bubbles, that by reaſon of this, an 
exceeding thin film of Water is often able, tor a good while, to 
hinder the eruption ofa pretty quantity of Air. And this may be 
alſo more conſpicuous in thole great Spherical bubbles, that boyes 
ſometimes blow with Water, to which Sope hath given a Tena- 
city- But that, ifthepreſſure of the ambient Air were remoy'd, 
the internal Air may beable co break thicker Glafles, then thoſe 
lately mention'd, will appear by ſome of the following Experi- 
ments z to which, we ſhall therefore now haſten, having, I fear, 
been but roo prolix in this Excurſion, though we thought it not 
amiſs to annex to our firſt Experiments ſome general Confidera- 
ticns touching the Spring of the Air, becauſe (this Doctrine be- 
ing yet a ſtranger to the Schools) not onely we finde not the thing 
it 
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* (a3) 
it ſelf to be much taken notice of; but of thoſe few that have 
heard of it, the greater part have been forward to reject it, upon 
2 miſtaken Perſwaſion, that thoſe Phenomens are the effects of 
Natures abhorrency of a Yacuum, which ſeem to be more fitly 
aſcribable to the weight and ſpring of the Air. 


——_—— A. —_ —— 


m——_.—o—_—_— _—_—  _—— — —_ —— 


EXPERIMENT I. 


VV E will now proceed to obſerve, that though, by the help 
of the handle, the Sucker be eafily drawn down to the 
bottom of the Cylinder; yet, without the help of that Leaver, 
there would be required to the ſame effeR, a force or weighs 
eat enough to ſurmount the preſſure of the whole Atmoſphere : 
Rice otherwiſe theair would not be driven out of its place, when 
none is permitted to ſucceed into the place deſerted by the Sucker, 
This ſeems evident, from the known Torrice//ian Experiment, in 
which, it the inverted Tube of Mercury be bur 25 Digits high, 
or ſomewhat more, the Quick-filver will not tall, but remain 
ſuſpendedin the Tube, becauſeit cannor pre(s the ſubjacent Mer - 
eury with ſo great a force, as doth the incumbent Cylinder of the 
Air, reaching thence to the top of the Armoſphere: Whereas, if 
the Cylinder of Mercury were three or four digits longer, it would 
over-power that of the external Air, and run out into the Veſſel'd 
Mercury, vl the two Cylinders came to an e<Equilibrivm, and no 
further, Hence we need not wonder, that though the Sucker 
move eaſily enough up and down in the Cylinder by the help of 
the Manwbrium ;, yet if the Manubrium be taken off, it will re- 
uire a conſiderable ſtrength to move it either way, Norwill ic 
fm ſtrange, thatif, when the Valve and Stop-cock are well ſhur, 
you draw down the Sucker, and then let go the Manubrium ; the 
Sacker will, as it were of it ſelf, re-aſcend to the top oft the Cy- 
linder, fince the ſpring of the external Air finderh norhing to reſiſt 
it's prefſing up the Sucker. And for the ſame reaſon, when the 
Receiver is almoſt evacuated, though, having drawn down the 
Sucker, 
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Sucker, you open the way from the Receiver tothe Cylinder, and 
then intercept that way again by returning the Key; the Sucker 
will, upon the letting go the Manubrinm ,.be torcibly carried up 
almoſt tothe top ot the Cylinder: Becauſe the Air within the Cys 
linder , being equally dilated and weakned with chat of the Glas, 
is unable to withſtand the preſſure of the external Air, till it be 
driven into ſo little ſpace, that there is an e/£quilibrium betwixt 
its force and that of the Air without, And congruouſly hereunto 
we finde, that in this caſe, the Sucker is drawn dowa with little leſs 
difficulty, thenif the Cylinder, being devoid of Air, the Stop cock 
were exactly ſhut : We might take notice of ſome other things, 
that depend upon the Fabrick ot our Engine it ſelf z but to thug 
prolixity, we will, in this place, content our ſelves ro mention one 
of them, which ſeems to be of greater moment then the reſt, andic 
is this; that when the Sucker hath been impell'd to the top of the 
Cylinder, and the Valve is ſo carefully ſtopp'd, that there is no-Air 
lett in the Cylinder above the Sucker : If then the Sucker be 
drawn to the lower part of the Cylinder , he that manageth the 
Pump findeth not any ſenſibly greater difficulty to depreſs the 
Sucker, when it is nearer the bottom of the Cylinder, then whenit 
is much farther off, Which circumſtance we therefore think fit to 
takenotice of, becauſe an eminent Modern Naturaliſt hath caught, 
that, when the Air is ſucked out of a Body, the violence wherewith 
it is wont to ruſh into it again, as ſoonas it is allow'd to re-enter, 
proceeds mainly trom this ; That the preſſure of the Ambient Air 
is ſtrengthened upon the acceſſion of the Air ſuck'd out, which, to 
make it ſelf room, forceth the neighboring Air to a violent- ſubig- 
orcflion of its parts: which,if it were true, he that draweth down the 
Sucker, would finde the reſiſtance of the external Air increaf'd as 
he draweth ic lower, more of the diſplaced Air being thruſt into it 
tocomprels it. Bur, by what hath been diſcourſ*d upon the firſt Ex- 
periment,it ſeems more probable,that without any ſuch ſtreagthe- 
ning of the preſſure of the outward Air, the taking quite away or 
the debilitating of the reſiſtance from within , may ſuffice to pro- 


duce the eftects under conliderarion, But this will perhaps by il 
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ſtrated by ſome or other of our future Experiments, and therefore 
ſhall be no longer inſiſted on here. 


P 
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x EXPERIMENT IV. 

ct 

0 FH Avos thus taken notice of ſome of the conſtant Phenomens 
ls of our Engineit ſelf , let us now proceed to the Experiments 
K | tryable inir. 

S, Wetook then a Lambs Bladder large, well dry'd, and very lims 
in F ber, audleaving init about half as much Air as it could containe, 
ne | wecauſ'd the neck of it to be ſtrongly ty'd, ſo that none of the in- 
It} cluded Air, though by preſſure, could get out. This Bladder being 
ne | convey'dintothe Receiver , and thz Coverluted on, the Pump 
ur 8 was fet on work, and after two or three exſu&ions of the ambient 
be | Air (whereby the Spring of that which remain'd in the Glaſs was 
ne | weaken'd) the Impriſon'd Air began to ſwell inthe Bladder, and,as 
he | more and more of the Air in the Receiver was, from time to time, 


UC drawn ont; ſo did that in the Bladder more and more expand it ſelf, 
toF and diſplay the folds of the formerly flaccid Bladder : So that be- 
IC, | fore we hadexhauſted the Receiver near ſo much as we could , the 
th |} Bladder appear'd as full and ſtretched , as if it had been blown up 
Nr, | with a Quill. 
Aic Andthat it may appear that this plumpneſs of the Bladder pro- 
to} ceeded from the (urmounting of the debilitated Spring of the am- 
in" 3 bient Air remaining in the Veſſel , by the ſtronger Spring of the 
he 3 Air remaining in the Bladder z wererurn'd the Key of the Stop- 
3} cock, andby degrees allow'd the external Airto return into the 
It Receiver: Whereupon it happen'd, as was expeCted , that as the 
*X- | Air camein from without , the diſtended Air in the Bladder , was 
- | proportionably comprefl'd into a nirrower room , and the fides of 
'Of. F the Bladder grew flaccid, till the Receiver having readmitted its 
'0* | wonted quantity of Air, the Bladder appear'd as full of wrinkles 
and cavities as before, | 

[B]) This 
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This Experiments much of the fame niture with that which 
was, ſome years agoe, ſaid to be made by that eminent Geometri- 
cian Monfievr Roberval , with a Carps Bladder empty'd and con- 
vey'dintoa Tube, wherein the Experiment De Yacuo was after- 
wards try'd, which ingenious Experiment of his, juſtly deſerveth 
the re of thoſe that have been, or ſhall be ſolicitous to diſco- 
ver the nature of the Air. 

 Buttoreturn to our :Experiment , we may take notice of this 
Circumſtance init, Thar after the Receiver hath been in ſome mea- 
ſure empty'd, the Bladder doth, at each exſuRion, [well much more 
conſpicuouſly then it did at any of the firſt FxſuRions ; inſomuch 
that towards the end of the pumping, not onely a great fold or cas 
vity in the ſurface of the Bladder may be madeeven, by the ſtret- 
ching of the inward ſelf-expanding Air : But we have ſometimes 
ſeen, upon the turning of the Key to let the ambient Air paſs our 
of the Receiver into the Cylinder, we haveſeen(I fay)the Air in 
the Bladder ſuddenly expand it ſelf fo much and fo briskly, that ix 
manifeſtly lifred up ſome light Bodies that lean'd uponit , and 
ſeem'dto lift up the Bladder itſelf. 

Now becauſe it hath, by very Learned Men, been doubted, whe- 
ther the ſwelling of theBladder may not have proceeded (not from 
the Dilatation of the included Air,) but from the, Texture of the 
Fibres, which, being wont to keep the Bladder extended when the 
Animal(to whom it belong'd) was alive, may be ſuppofd injour 
Experiment to have return'd, like ſo many Springs to their won- 


ted extent, upon the removal of the Ambieat Air that compreſ['d 


and bent them: Becauſe this, I fay, hath been doubted, we thought 
fit to make this further tryall. 

. Welet down into the Receiver with the fore-mentioned Blad- 
der two other much ſmaller, ind of the fame kinde of Animal; the 
one of theſe was not ty'd upat the neck that there might be liberty 
left to the Air that was not {queez'd out (which might amount to 
about a fifth part of what che Bladder held before) to paſs out into 
the Receiver: The other had the fides of it ſtretch'd out and pref- 
{:d together, almoſt iato the form ofa Cup , that they might in- 
tercept. 
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tercept the leſs Air betwixt them , and then was ſtrongly ty'd up 
at the neck: This done, and the Air being in ſome meaſure ſuck'd 
out of the Pneamatical Glaſs (if I may fo call it)the Bladder, men- 
tion'd at the beginning of our Experiment, appear'd extended eve- 
ry way to its full Dimenſtons 5 whereas neither ofthe two others 
did remarkably ſwell , -and that, whoſe neck was not ty'd, ſeem'd 
very little, if at all leſs wrinkl'd chen when it was put in, 

We made likewiſe a ſtrong Ligature about the midle of along 
Bladder partly empty'd , and upon the drawing the Air out of the 
Receiver, could obſerve no ſuch fivelling betwixt the Ligature and 
the Neck of the Bladder, which had been purpoſely left open, as 
betwixt the ſame Ligature and the bottom of the Bladder, whence 
the included Air could no way get out. 

But a farther and ſufficient manifeſtation whence the intumeſ- 
cence of the Bladder proceeds, may be deduc'd from the following 
Experiment. 


L 
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EXPERIMENT V. 


T® try then at once both what it was that expanded the Blad- 
der, and what a powerful Spring there is ev'nin the Air we are 
wont to think uncompreſſ*d: we cauf'd a Bladder dry, well ty'dand 
blown moderately full, to be hung in the Receiver G one end of a 
ſtring, whoſe other end was faſtned to the inſide of the Cover: 
and upon drawing out the ambient Air , that prefi'd on the Blad- 
der; the internal Air not finding the wonted reſiſtance, firſt (well'd 
and diſtended the Bladder , and then broke it , with ſo wide and 
crooked areat, as if it had been forcibly torn affunder with hands. 
After which a ſecond Bladder being convey'd in, the Experiment 
was repeated with like ſucceſs : And I ſuppoſe it will not beima- 
gin'd that in this cafe the Bladder was broken by its own Fibres, 

rather then by the Impriſon'd Air. q 
And of this Experimeat theſe two Phezomens may be taken 
LAS] notice 
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notice of : The one, that the Bladder at its breaking gave a great 
report, almoſt like a Cracker: And the other, That the Air con- 
rain'd in the Bladder; had the power to break it with the mention'd 
Impetuoſity ; long before the ambient Air was all , or near all, 
drawn out of the Receiver. | 

But , to verifie what weſay in another Diſcourſe , where we 
ſhow, Thar even true Experiments may, by reaſon of the eafte mi- 
ſtake of ſome unheeded Circumſtance, be unſucceſsfully try*d; we 
will Advertiſe, on this occaſion, that we did oftentimes in vain try 
the breaking of Bladders, after the manner above mention'd : Of 
which the cauſe appear'd to bethis , That the Bladders we could 
not break , having been brought us ready blown from thoſe that 
ſold them, were grown dry before they came to our hands: whence 
it came to pals, that , it we afterwards ty'd them very hard , they 
were apt to fret and {o become unſerviceable ; and if we ty'd them 
but moderately hard, their ſtifneſs kept them from being cloſ'd (0 
exactly , but that when the included Air l1ad in the exhauſted Re- 
ceiver diſtended them as much as eafily it could , it would in part 
get out between the lictle wrinkles of the SphinRer of the Neck: 
Whence alſo it uſually happen'd, that , upon thelerting in the Air 
from without, the Bladders appear'd more flaccid and empty then 
before they were put 1n; whereas when the Bladders were brought 
us moiſt from the Butchers, we could, withour injuring them, tye 
their necks ſo cloſe, that none of the Air once blown in, could ger 
out of them, but by violently breaking them. 

It will not be amiſs on this occalion to point at ſomething 
which may deſerve a more deliberate Speculation then we can now 
aftord itz namely tbat the Elaſtical Power of the ſame Quantity of 
Air may be as well Encrea(*d by the Agitation of the Aerial Parti- 
cles (whether onely moving them more (ſwiftly and ſcattering 
them , or alſo extending or ſtretching them out, I determine not) 
within an every way incloſing and yet yeilding Body; as Diſplay'd 
by the withdrawing of the Air that preſf'd it withour. For we 
found thata Bladder, but moderately fill'd with Air and ſtrongly 
ty 'd, being a while held near the Fire , not onely grew — 
turg 
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turgid and hard , bur afterwards, being brought nearer to the 
Fire , ſuddenly broke with ſo loud and vehement a noiſe , as ſto- 
ny'd thoſe that were by , and made us , for a while after, almoſt 
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EXPERIMENT VI. 


H Aving thus ſeen that the Air hath an Elaſtical Power, we were 
next defirous to know in ſome meaſure how far a parcel of Air 
might by this its own Spring be dilated. And though we were not 
provided of Inſtruments fit to meaſure the dilatation of the Air any 
thing accurately , yer becauſe an imperfect meaſure of it was more 
defireable then none at all , we deviſ'd the following Method as 
very eafily praRticable. 

Wetook a limber Lambs Bladder which was thorowly wetted 
in fair Water, that the ſides of it being ſqueez'd together, there 
might be no Air left in its tolds: (as indeed we could not afterwards 
upon tryal diſcern any) The neck of this Bladder was ſtrongly 
tyed about that of a ſmall Glaſs, (capable of holding five full 
drachmes of Water) the Bladder being firſt ſo compreſſ'd, that all 
the included Air was onely inthe Glaſs , withour being preſl'd 
there; then the Pump being ſer on work after a few ex(uions, the 
Air inthe little Viol began to dilate it ſelfand produce a ſmall Tu- 
mor inthe Neck of the Bladder; and as the ambient Air was more 
and more drawn away , ſo the included Air penetrated farther and 
farther into the Bladder, and by degrees lifted up the ſides and dil- 
play'dits folds, till at length it ſeem'd to have blown it up to its 
full extent: W hereupon the external Air, being permitted to flow 
back into the Receiver, repull'd the Air that had fill'd the Blad- 
der into 1ts former narrow receptacle, and brought the Bladder to 
be again flaccid and wrinkled as before: Then taking out the Blad- 
der, but without ſevering it from the Glaſs, we did, by a hole made 
a the cop of the Bladder, fill the Veſſel, they both made up, with 
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"Water, whoſe weight was five Ounces five Drachmes anda halt: || ! 
Five Drachmes whereof were above-mention'd to be the contents || © 
of the Boetle. So that in this —_—_ when the Air had moſt | © 
extended the Bladder, it poſſeſl'd inall above nine times as much |} " 
room as it did when it was put into the Receiver. And it would |} * 
probably have much inlarg'dits bounds , but that the Bladder by |} © 
its weight and the ſticking together of its fides did ſomewhat refiſt || © 
its expanſion: And which was more conſiderable, the Bladder ap- || | 
pear'd tamid enough, whilſt yer a pretty deal of Air was leftin the || \ 
Receiver, whoſe ex({uction would, according to our former Obſer«= || ? 
vation, probably have given way to a farther expanſion of the Air, |} 
eſpecially ſuppoſing the dilatation not to be reſtrain'd by the t 
Bladder. , 
Qlace we wrote the other day the former Experiment , we have || 5 
met with ſome Glaſſes not very unfit for our. purpoſe z by || ® 
means-of which we arenow able, with a little more trouble, ro || © 
meaſure the expantion ofthe Air a great deal more accurately then K 
we could by the help of the above-mention'd Bladder , which was || © 
much to narrow to allow the Air its utmoſt diſtention. c 
We took then firſt a Cylindrical Pipe of Glaſs, whoſe bore | © 
was about a quarter ofan Inchin Diameter: This Pipe was ſo bent d 
and doubled, that, notwithſtanding its being about two fogr in h 
lepgth, it might have been ſhut up into a ſmall Receiver, nota 
Foot high: Burt by misfortuneit crack'd ia the cooling , whereby i 
we were recuced to make uſe of one part which was ſtraight and I 
inxire, butexceeded not fix or ſeven Inches, This little Tube was | ® 
openat oneend; and at the other, where it was Hermetically ſeal'd, | ® 
hada ſmall Glaſs bubble to receive the Air whoſe dilatation was ts || *© 
be meaſur'd. 
| Along theſide of this Tube was paiſted a iraight narrow piece || ® 
of Parchment, divided into twenty fix equal parts, marked wuh | ® 
black Lines 2nd Figures, that, by them might be meaſur'd both 0 
the included Air and 1ts dilatation Afterwards we $111'd the Tubs e 
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the Finger, and inverting the Tube, the Air was permitted to af: 
cend a, above-mention'd Glaſs bubble. And by reaſon this 
aſcent was very {tow, it gave us the opportunity to mark how 
much more or leſs then one of the twenty ſix divifions this Air. 
took up. By this means, after a tryal or two, we were inabled to 
convey to the top of the Glaſs a bubble of Air equal enough, 4s 
to fight, to oneof thoſe Diviſions: Then the open end of the 
Tube being put into a {mall Viol, whoſe bottom was cover'd with 
Water, about half an Inch high, we iacluded both Glaſſes into 
2a ſmall and flender Receiver, and cauſed the Pump to be ſer on 
work, The event was, That at the brit exſuction lof the Air 
there appear'd not any expanſion of the bubble, comparable to 
what appear'd at the ſecond, and that upona very few exſuftions 
the bubble reaching as low as the ſurface of the ſubjacent Water, 
gave us cauſe to think, That if our Pipe had not been broken, ic 
would have expanded it ſelf much farther: Wherefore we took 
out the little Tube, and found that beſides the twenty fix diviſions 
formerly mention'd, the Glaſs bubbleand ſome part of the Pipe 
to which the divided Parchmeat did not reach, amounted to fix 
diviſions more. Whereby it appears that the Air hath taken up 
one and thirty times as much room as before, and yet ſeem'd eapa- 
ble of a much greater expanfion, ifthe Glaſs would have permit. 
ted it. Wherefore after the former manner , we let in-another 
bubble ; that by our gueſs was but half as big as the former, and 
found , that uponthe exſuction of the Air from the Receiver, this. 
little bubble did not onely fill ap the whole Tube , but (in part) 
break through the ſubjacent Water in the Viol, and thereby 
manifeſt it ſe}t to have poſleſled fixty and odde times. its former. 
ro00M. 

Theſe two experiments are mention'd to make way for the- 
more eaſy belief of that which is now to follow, Finding then that: 
our Tube was too ſhort to ſerve our turn, we took a ſlender Quill. 
ofGlaſs which happen'd to be at hand , though it were not-ſo fit 
fot our purpoſe as we could have wiſhed , in regardit was three or 
four times as big at}one end as. the other, This Pipe which chm 
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rhirty Inches long , being Hermetically ſeal'd at the ſlender end, 
was almoſt filled with water; and after the above-related manner 
a bubble was convey'd to thetop of it, and the open extreame was 
put into a Violthat had alittle fair Water at the bottom : Then 
the Cover , by means of a ſmall hole purpoſely made init for the 
Glaſs Pipe to ſtand out at, was cemented on to the Receiver , and 
the Pump being ſet on work, after ſome exſuRtions, not onely the 
Air manifeſtly appear'd extended below the ſurface of che ſubja- 
cent Water, but one of the By-ſtanders affirms, that he ſaw ſome 
bubbles come our at the bottom of the Pipe and break through the 
Water. This done, we left off Pumping, and obſerv'd how at the 
unperceiv'd leaks ot the Receiver the Air got in ſo faſt, thar it very 
quickly impell'd up the Water to the top of the Tube, —_— 
a little ſpace whereinto that bubble was repul('d , which had fo 
lately poſſeſl'd the whole Tube; this Air at the ſlender end appear'd 
to be a Cylinder of; parts of an Inch in length, but when the Pipe 
was taken out and turn'd upſide down, it appear'd at the other end 
inferior in bulk to a Pea. 

Theſe things being thus done we took (to make the Experi- 
ment the more exa&tly)a ſmall pair of Scales, ſuch as Gold: Smiths 
uſe to weigh Cold Coynin; and weighing the Tube and Water in 
it, we found them to amount to one Ounce thirty Grains and an 
half: Then wejpour'd in as much Wzter as ſerv'd to fill up the 
Tube , wherein before we had left as much ſpace unfill'd up as was 
fofleſl'd by the bubble , and weighing again the Pipe and Water, 
we found the weight increaſ'd onely by one Grain. Liſtly, pouring 
out the Water , and carefully freeing the Pipefromit (which yet 
we could not pertetly doe) we weig hed the Glaſs alone, and 
found it to want two | ver and thirty two Grains of its for- 


mer weight: So that the bubble of Air taking vp the room but of 
one Grain in weight of Water, it appear'd that the Air by its own 
61a Was {0 rarified, as to takeup one hundred fifty two times as 
much-room as it did before : Though it where then compreſſ'd by 
nothing but.the ordinary preſſure |of the contiguons Air. I know 
not whether it be requiſite to take notice, that this Experimenc 
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was made indeed in a moiſt Night, but in aRoom, in whoſe 
Chimney there was burning a good Fire, which did perhaps ſome- 
what rarefie the Air of which the bubble conſiſted, 

It hath ſeem'd almoſt incredible which is related by theInduſtri- 
ous Merſennws , That the Air by the violence of heat, though as 
great as our Veſſels can ſupport without fuſton., can be ſo dilated 
as to take up ſeventy times as much room as betore: Wherefore 
becauſe we were willing to havea confirmation of ſo ſtrange a Phe- 
nomenon; we once more convey*'d into the Tube a bubble of the 
bigneſs of the former , and proſecuting the Experiment as before 
with the (ame Water , we obſerved that the Air did manifeſtly 
ſtretch it ſelfſo far , as to appear ſeveral times a good way below 
the ſurface of the Water in the Viol , and that too with a ſurface 
very convex toward the bottom of the Pipe, Nay, the Pump 
being ply'd alittle longer , the Air did manifeſtly reach to -that 
place where the bottom of the Tubeleaned upon the bottom of 
the Viol, and ſeemed to knock upon itand rebound from it: Which 
Circumſtances we adde, partly that the Phenomenon we have been 
relating may not be imputed to the bare ſubliding of the Water 
that filled the Tube, upon the taking off the preſſure of the ambi- 
ent Air, Andpartly alio that it may appear that if our Experi- 
ments have not been ſo accurately made as with fitter Inſtruments 
might perhaps be poſſible; yer che expanſion of the Air is likely to 
be rather greater then leſſer then we have made it : Since the Air 
was able to preſs away the Water at the bottom of the Pipe, 
though that were about two Inches below the ſurface of the Water 
that was then in the Viol, and would have been at leaſt as highin 
the Pipe, if the Water had onely ſubſided and not been depreſſed: 
So that it ſeems not unlikely that if che Experiment could be (0 
made, as that the expanſion of the Air might not be reſiſted by the 
Neighboring Bodies, it would yet enlarge its bounds,and perhaps 
ſtretch it ſelf ro two hundred times its former bulk , if not more. 
However , what we have now tryed will , I hope, ſuffice to hinder 
divers of the Phenomena of our Engine from being diſtruſted: 
Since in that part of the —_— we live in, that which we = 
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the free Air (andpreſumeto be ſo uncompreſſed) is crouded ints 


ſovery ſmall a part of that ſpace , which if it were not hindred it 
would poſſeſs. We would gladly have wryed alſo whether the Air 
at its greateſt expanſion could be farther rarified by heat ; bur do 
what wecould, our Receiver leaked too faſt to ler us give our 


ſelves any ſatisfaQtion in that particular. 
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O diſcover likewiſe by the means of that preſſure of the Air, 

both the ſtrength of Glaſs, and how much intereſt che Figure 

of a Body may have inits greater or Jeſler Reſiſtance to the preffure 
of other Bodtes, we made theſe farther tryals. 

We caufd to be blown with a Lamp, a round Glaſs bubble, ca- 

pable of containing, by gueſs, about five Ounces of Water , with 


a ſlender neck about the bigneſs of ;a Swans Quill, andit was pur-, 


poſely blown very thin, as Viols made with Lamps are wont to 
be, that the thinneſs of the matter might keep the roundneſs of 
the Figure from making the Veſlel too ſtrong. Then having mo« 
derately emptyed the Receiver, and taken it out of the Pump, we 
ſpeedily applyed to the Orifice of the bottom ot it , the Neck of 
the newly mention'd Glaſs, carefully ſtopping che Crannies with 
melted Plaiſter, that no Air might get in at them: And after turn. 
ing the Key of the Stop-cock , we made a free paſſage for the Air 
to paſs out of the bubble into the Receiver :: Which it did with 
great celerity, leaving the bubble as empty as the Receiver it ſelf 
2s appear'd to us by tome Circumſtances not now to be inſiſted 
on. Notwithſtanding all which, the Veffel, continuing as intire as 
before, gave us cauſe to wonder that the bare Roundneſs of the 
Figure ſhould enable a Glaſs, almoſt as thinas Paper , to refiſt ſo 
oreat aprefſure 2s that ofthe whole incumbent Atmoſphere. And 
having reiterated the Experiment, we found again that the preſſure 
of the ambient Body , thruſting all the parts inwards, made them, 
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(35 
by reaſon of their arched Figure, ſo ſupport one another ; that the 
Clak remain'd as whole as at firſt. 

' Now that the Figure of the Glaſs isof great moment in this 
marter, may beevinced by this other experimenc. 
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EXPERIMENT VII. 


WV E took a Glaſs Helmet or Alembick (delineated by the 
| ſeventh Figure) ſuch as Chymiſts aſe in Diſtillations, and 
containing by conjecture between two and three Pints: The Ro. 
ffrumor Noſe of it mark'd with(c) was Hermerically cloſed; and at 
the top of it wasa hole, into which was fitted and cemented one of 
the Shanks of a middle-fiz'd Stop-cock; fo that the Glaſs being 
torn'd apfide-down , the wide Orifice (which in common Glaſs- 
Helmers is the onely one) was upwards; and to that wide Orifice 
was fitted acaſt Cover of Lead , which was carefully cemented on 
ro the Glaſs: Then the other Shank of the Stop-cock being with 
cement likewiſe faften'd 1nto the upper part of the Pamp, the ex- 
ſuion of the Air was endeavoured, Burt it was not long before, 
the remaining Air being made much too weak to ballance the preſ- 
fare of the ambient Air, the Glaſs was (not withour a great noiſe) 
crack d almoſt half round, along that part ofit where it began to 
bend inwards: As if in the Figure, the crack had been made accor- 
ding to the Line (4 6), and upon an endeavour to pump out more 
otthe Air , the crack once begun, appear'd to run on farthers 
though the Glaſs where it was broken ſeem'd to be(by conjecture} 
aboveten, ſome thought above twenty times,as thick as the bubble 
mentioned in the foregoing Experiment, 

This will perhaps make it ſeem ſtrange, that having taken ano- 
ther Glaſs bubble blown at the ſame time, and like tor ought we 
diſcerned for fize , thickneſs and Figure, to rhat thin one formerly 
mentioned; and having ſealed it up Hermerically, and ſuſpended ie 
inthe Receiver , the exſuRion of the ambient Air did not enable 
| [F 2] the 
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the impriſoned Airto break, or inthe leaſt to crack the bubbleZ . 


though the Experiment were laboriouſly tryed, and that ſeveral 
times with bubbles of other fizes : Bur that perhaps the heat of 
the Candle or Lamp wherewith ſuch Glaſſes are Hermetically ſea 
led, (not to mention the warmth of his hands that ſeal'd it) might 
{o rarefy the contained Air, as much to weakenits Spring, may 
ſeem probable by the tollowing Experiments, 
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EXPERIMENT IX, 


WV E took a Glaſs Viol able to hold three or four Ounces of 

Water , anJ of the thickneſs uſual in Glaſles of that ſizes 
into the Neck of this was put a moderately {lender Pipe of Glaſs, 
which was caretully faſtened with a mixture of equal parts of Pitch 
and Roſinto the Neck of the Viol , and which reached almoſt to 
the bottom ofir, as the ſixth Figure declareth, 

This Violbeing, upon a particular deſign, filled with Water, till 
that came up init, apretty deal higher then the lower end of the 
Pipe, was put into one of our (mall Receivers, (containing between 
a Pint and a Quart) in ſuch manner as that the Glaſs Pipe, paſſing 
through a hole made purpoſely for it in the Leaden- Cover of the 
Receiver , was for the moſt part of it without the Veſſel, which 
being exactly cloſed, the Pump was ſet on work: Bur at the very 
firſt exſution, and before the Sucker was drawn to the bottom of 
the Cylinder, there flew out of the Viol a piece of Glaſs halfas 
broad as rhe Palm of a Mans Hand,and it was thrown out with ſuch 
violence , that hitting againſt che Neighboring ſide of the Recei- 
ver, it not onely daſhed it felt to pieces, but cracked the very Re- 
ceiver in many places , with agreatnoiſe that much ſurpriſed all 
that were inthe Room. Burt ic !eemed, thar inſolittle a Receiver, 
the Air about the Viol being ſuddenly drawn out, the Air Impri- 
ſoned inthe Veſſel, having ont the whole preſſure of the Atmoſ- 
phere (to which by the Pipe open at both eads, It and the Water 
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were expoſed) andnot having on the other ſide the wonted preſ(- 
ſure ofthe Ambient Air to ballance thar other preſſure, the refi- 
ſtance of Glaſs was finally ſurmounted, and the Viol once begin- 
ning to break where it was weakeſt, the external Air might 
ruſh in with violence enough to throw the cracked parcel ſo tor- 
cibly againſt che Neighboring fide of the Receiver , as to break 
that t00, 

And this may be preſumed ſufficient to verify what we deli- 
vered inthat part of our Appendix to the firſt Experiment where 
we mentioned the almoſt equal preſſureot the Air on either fide 
of athin Glaſs Veſſel , as the cauſe of irs not being broken by the 
forcible ſpring of the contained Air. Bur yer that ic be nor ſu- 
ſpeed that chance had an intereſt in ſo odde an Experiment as 
we have been Relating, we will adde that for farther ſatisfa- 
Qion we reiterated itin around Glaſs containing by gueſle a- 
bout ſix ounces of Water: | This Viol we put finto ſuch a ſmall 
Receiver as was lately mentioned, in ſuch manner as that the 
bottome of it reſted upon the lower part of the Paeumartical 
Glaſs, and the Neck came out through the Leaden-Cover of 
the ſame at a hole made purpoſely for it. Bur being made cir- 
cumſpect by rhe foregoing miſchance , we had put the Viol into 
a Bladder, before we put it into the Receiver to hinder this 
laſt named Glaſs trom being endangered by the breaking of the 


- other. Then the Pneumatical Vellel being cloſed ſo that no 


way w2s left for the outward Air to get into it, but by breaking 
through the Viol, into whoſe cavity it had free acceſſe by the 
mouth, of it , ( which was. purpoſely left open, ) the Sucket 
being nimbly drawn down, the external Air immediately preſ- 
ſed toxcibly as well upon the Leaden- Cover as the Viol z and 
the Cover happening to be in oneplace a little narrower then 
the edge of the Pneumarical Glaſs , was depreſſed , and thruſt 
into it ſo violently by the. incumbent Air, that getting alictle 
within-the tapering Lip of the Glafs,it did (like a kinde of Wedge} 
thruſt out that fide where it was deprefſed;ſo as,(though the Recet- 
ver was new, Jto ſplit it. This accident being thus mentioned upon 
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the by co confirm what we formerly ſaid touching the fitneſs or 
unficneſs of Glaſſes of ſome Figures to refiſt the preſſure of the 


Atmoſphere, We will proceed to relate the remaining part of the 
Experiment, namely , That having fitted on a wider Cover tothe 
ſame Receiver , and cloſed both that and the crack with Cemear, 
we proſecuted the Experiment in the manner aboverelated , with 
this ſucceſs: That upon the quick depreſſing of the Sucker, the 
external Air barſt the Body of the Viol into above an hundred pie- 
ces, many of them exceeding ſmall, and that with (ach violence, 
that we found a wide rent, beſides many holes , made in the Blad- 
der it ſelf, 

Andto evince that theſe Phenomena were the effects of a limi- 
ted and even moderate force , and not of ſuch an abhorreacy ofa 
Y acaum 2s that to avoid it, many have been pleaſed to think thar 
Nature muſt, upon occaſion, exerciſe an almoſt boundleſs powers 
we afterwards purpoſely try 'd this Experiment with ſeveral Glaſles 
ſomewhat thicker then thoſe Viols, and found the eyenr ro verity 
our conjecture, that it would not ſucceed: For the Glatles were ta. 
ken out as intireas they were putin. S 

And here, My Lord, I holdit not unfic, upon occaſion of the 
mention that hath been made of our having employ'd ſmall Recei- 
vers, and one of them, notwithſtanding its being crack'd, to annex 
thefe two Advertiſements. 

Firſt then , beſides the great Paeumatical Glaſs ſo ofren men- 
tioned, and the proportionate Stop-cock , we thought fit to pro» 
vide our ſelves with ſome {mall Receivers blowa 'of Cryftalline 
Glaſs , of ſeyeral Shapes, and furniſhed with ſmaller Srop-cocks 
purpofely made ; and this we did upon bopes, that when we had 
ſurmounted the difficalties ro be met with in Cementing the Glaſ- 
fes to the Stop-cocks , and the Pacumatical Veſſels to the Pacap, 
ſoexquifitely as is requiſite for our purpoſe, we ſhould from the 
{malnefs ofoar Receivers receive a four-told Adyantape. The firſt, 
that by reaſon of the ſlenderneſs of the Vellels their being 
made of much purer and clearer merall, (as che Glafs-men ſpeak) 
then the great Receiver , we might have a more perteR view of 
every 
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every thing happening within them, The next , that ſuch ſmall 
Veſlels might be emptied with le(s labour and in much leſſe time, 
Thethird, that this nimble exſution of the ambient Air would 
make many changes in the Bodies ſhut up in theſe glafles more 
ſudden and conſpicuous then otherwiſe they would prove, And the 
laſt, that we ſhould be able to draw and keep out the Air much more 
perfeQly from iuch ſmall Veſlels then from our large Receiver. 
But though we were not much diſ-appointed in the expeRation of 
the three firſt advantages, yet we were in our hopes ot the fourth. 
For beſides the great difficulty we found in fitting together the 
Glaſſes, the Stop-cocks, and the Covers; beſides this I ſay , we 
found our ſelves ſeldom able to draw, and keep out the Air ſo far 
as to make theremaining Air in theſe Receivers weaker then the 
remaining Airin our great Receiver. For though fometimes the 
Leaks ot ſome of theſe little Receivers may be much(either fewer 
or ſmaller)then thoſe of the larger Veſtel; yera lictle Air getti 
into one ot theſe, wherein 1t had but little room to expand and dif- 

lay it ſelf , might -re(s as much upon all parts of the internal ſure 

ace of the Veſlel, and upon the included Bodies, as a greater quan» 
tity of the Airin a Veſſel in whoſe capacity it might fiade more 
room toexpand it (elf. 

The other thing that we were to advertiſe, is , That tis not 
every ſmall crack that can make ſuch a Receiver as is of aroun- 
diſh Figure altogether uſeleſs to our Experiment, inregard thar 
upon the ex(uction ot the internal Air, the ambient Air on all ſides 
preſſing the Glaſs inwards or rowards the middle , doth conſe- 
quently thruſt the Lips of the crack cloſer, and (o rather cloſe then 
increaſe it. 

This I mention partly becauſe Receivers fit for our turn are 
more ealily cracked then procured, and theretore ought nor-to be 
unneceſſarily thrown away as unſerviceable : And partly becauſe 
I think ic becomes one: that profeſſerh himſelt a taichfull Relacor 
of Experiments , not to conceal from Your Lordſhip, that after a 
few of the foregoing Experiments were made, there happened in 
the great Receiver a crack of about a Span long, beginning p 
ene 
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the upper Orifice, and occafion'd, as it ſeem'd, by the exceſſive 
heat of too large an Iron that was employ'd to melt the Cement 
about that Orifice. But having laid upon this crack a broad Plai- 
ſter,(which in-one of our Eſſays written ſome years ſince to your 
ingenious and hopeful Coufin Fones, we extoll for the mending 
of crack'd Receivers, and other Chymical Glaſles;) and having 
afterwards thickly over-laid this Plaiſter with Diachylon, we 
neither could then, nor can yet perceive that the Veflel leaks ſen- 
ſibly at that crack. 

The Plaiſter was made of good quick Lime finely poudred, and 
nimbly ground with a Peſtle in a Mortar, with a quantity (I know 
not how much preciſely, not having thoſe Eſſays in this place) of 
{ſcrapings of Cheeſe and a little fair Water, no more then is juſt 
neceſlary to bring the mixture to a ſomewhat ſoft Paſte, which 
when the Ingredients are exquiſttely incorporated, will have a 
ſtrong and ſtincking (mell: Then it muſt be immediately ſpread 
upona Linnen Cloath of three or four fingers breadth, and pre- 
ſently apply'd, leſt it begin to harden. Bur if your _— had 
ſeen how we mended with it Receivers even for the moſt ſubtle 
Chymicall Spirits, Yon would ſcarce wonder at the ſervice it hath 
donein our Pneuraticall Glaſs, 
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EXPERIMENT X. 
VV VE took a Tallow- Candle of ſuch a fize that eight of 


them make about a pound , and having in a very 
commodious Candleſtick let it down into the Receiver , 
and ſo ſuſpended it, that the Flame burnt almoſt in the middle 
of the Veſlel, we did in ſome two minutes exadly cloſe it up: and 
upon Pumping very nimbly, we found, that, within little more 
then half a minute after, the Flame went out, though che Snuff had 
been purpoſely left of that length we judged the moſt convenient 
for the laſting of the Flame, - Fs 
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But the ſecond time having put in the ſame Candle into the 
Receiver, (after it had by the blaſts of a'pair of Bellows been freed 
from Fumes) the Flame laſted about two minutes from the time 
the Pumper began to draw our the Airz upon the firſt exſution 
whereof, the Flame ſeem'd to contra it ſelf in all its dimenſions. 
Aad theſe things were farther obſervable, that after the two or 
chree firſt exſuctions of the Air, the Flame (except at the very 
top) appear'd exceeding blew, and that the Flame ſtill receded 
more and more from the Tallow, till at length it appear'd to poſ- 
ſels onely the very top ofthe Week, and there it went our, 
- The ſame Candle being lighted _ was ſhut into the Recei- 
ver, to try how it would laſt there without drawing forth the Air, 
and we found that it laſted much longer than formerly, and before 
it went out, receded from the Tallow towards the top of the 
Week, bur not neer ſo much 3s in the former Fxperiment. 

And having an intention to obſerve particularly what the mo- 
tion of the ſmoke would be in theſe Experiments: We took no» 
rice that when the Air was not drawn out, there did, upon the ex- 
tinion of the Flame, a conſiderable part of the Week remain 
kindled, which (probably by reaſon of the Circulation of the Air) 
in the Veſſell, occafion'd by the heat) emitted a Steam , which 
aſcended (ſwiftly and diretly upwards in a ſlender and uninterrup- 
ted Cylinder of ſmoke, till it came to the top, whence it mani- 
feſtly recoyl'd by the ſides to the lower part of the Vellel. 
Whereas when the Flame went out upon the exſuRtion of the Air 
one time (when the Flame retir'd very leafurely to the top) we 
perceived it not to be follow'd by any {moke at all. And at an 
other time the upper part of the Week remaining kindled after 
the extinRion of the Flame, the ſlender ſteam of Fumes that did 
zriſe aſcended but a very little way, and then after ſome uncertain 
—_ this and that way, did, for the moſt part, ſoon fall down- 
wards. 

Being deſirous alſo to try whether there would be any difference 
as well in our Receiver, as there is wont to be elſewhere betwixt 
Candles made of Wax and thoſe made of Tallow, as to their du- 
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ration; we took ſlender Tapers of white Wax, commonly called 
Virgins Wax) that being found to burn with much leſſe ſmoke 
then common yellow Wax. Six of theſe of like bigneſs, and each 
of them of about the thickneſs of a Swans Quill, we preſſ'd toge, 


ther into one Candle: And having lighted all the Weeks, we let 
in the above-mention'd Wax-Candle into the Receiver, and 
made what haſt we could to cloſe it up with Cement, Burt, 
though inthe mean while we left open the Valveof the Cylinder, 
the hole of the Stop- cock, and that in the Cover of the Receiver, 
that ſome Air might get into cheriſh che Flame, and the ſmoke 
might have a vent; Yet for ſo great a Flame the Air ſufticed not 
ſo. much s till the Cover could be perfetly inted on: So that 
before we were quite ready to imploy che Pump, the Candle was 
extinguiſhed. Wherefore we took but one of theabove mention'd 
Tapers, and having lighted it, cloſ'd it up in the Receiver, to try 
how lons a (mall Flame with a proportionable ſmoke would con- 
tinuein ſuch a quantity of Air: but we found upon two ſeverall 
tryals, that from the beginning of pumping, the Flame weat out 
in about a minute of an hour. Ir appear'd indeed to us that the 
ſwinging of the Wier to and fro (in the Engine ſhaken by pum- 
Ping) haſten'd the vaniſhjng of the Flame, which ſeem'd by that 
motion to be caſt ſometimes on one fide of the Week and ſome: 
times on the other. Buc though once we purpoſely refrain'd 
pumping a(ter a very few exſudtions of the Air, that the Flame 
might not be agitated, yet it laſted not much longer then the 
newly mention'd time. And laſtly, cloſing up the ſame Taper, 
lighted again, ro diſcover how long it would laſt without drawing 
out of the Air, we found that it burn'd tor a while vividly enough, 
but afterwards began to be leflen'd:more and more in all its di- 
menfions. And we obſerv'd that the Flame did nor, as before, 
retire it (elf by lictle and little towards the top, but towards the 
bottom of the Week (from which yer it did a little withdraw 
upwards juſt before it went out.) ſo that the upper parr of the 
Week appear'd for a pretty while maniteſtly above thetop of the 
Flame, which having laſted about five minutes, was ſacceeded by 
a directly aſcending ſtream of Smoak. E X- 
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EXPERIMENT XI. 


Here was taken a Wier, which being bent almoſt in the form 
| & ofaScrew, conſtituted ſuch an Inſtrument, to contein Coals 
2nd leave them every way acceſſible to the Air, as the tenth Figure 
declareth; the breadth of this Veſlel was no leſs then that it might 
with eaſe be convey'd into the Receiver: And having fill'd it to 
the height of about five Inches with throughly kindled Wood- 
coals, we let it down into the Glaſs; and ſpeedily cloſing ir, we 
cauſ'd the Pumper to ply his work, and obſerv'd that upon the ve- 
ry firſt exſution ofthe Air (though perhaps not becauſe of that 
onely) the Fire in the Coals began to grow very dim, and though 
the agitation of the Vellel did make them ſwing up and down 
(which in the free Air would have retarded the extinRion of the 
Fire) yet when we could no longer diſcern any rednefle at all in 
any of chem, caſting our eyes upon a minute Watch we kept by 
us on this occaſion , we found that from the beginning of the 
Pumping (which might be about two minuts after the Coals had 
been put in glowing)to the totall diſ-appearing of the Fire, there 
had paſſed bur three minates. 
 Whereupon, tofry the Experiment alittle farther , we pre- 
ſently rook out the Coals, in which ir ſeems there had remained 
ſome little parcels of Fire, rather cover*d then totally quench'd: 
For in the open Air the Coals began to be re-kindled in ſeveral 
places, wherefore having by (ſwinging them about in the Wier, 
throughly lighred them the ſecond time, we let them down 2gain 
into the Receiver, and clol'd it ſpeedily as before; and then wai- 
ting till: the Fire ſeem d totally extin& without medling with the 
Pump, we found that from the time the Veffel was cloſ'd, till that 
no Fire at all could be perceiv'd, there had paſſed about four mi- 
putes: Whereby it ſeem'd to appear that the drawing away of the 
Ambient Air made the Fire to go out ſooner then otherwiſe it 
[G2] would 
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would have done; ——_ that part of the Air that we drew out 
lefc the moreroom for the ſtifling ſteams of the Coals to be recei+ 
vedinto. 

Laſtly, Having taken out the Wier and put other Coals into 
it, we did, in the ſame Room where the Engine ſtood, let it hang 
quietly by aſtring in the open Air,to try how long the Fire woul 
laſt without agitation, when no Air was kept from ic, And we 
found that the Fire began to goout firſt at the top and outlides of 
the Coals; but iawards and near the bottom the Fire continu'd vi- 
ſible for above half an hour, a great part of the Coals, eſpecially 
thoſe next the botcom, being buract to aſhes before the Fire went 
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Out. 

. Wecauſ'd likewiſe a piece of Iron to beforg'd, of the bigneſle 

ofa midle (iz'd Char-coal, and having made it red hot throughout; 

we cau('d it inthe lately mention'd Wier, to be ſpeedily convey'd 

and ſhut up into the Receiver, being deſirous to try what would 
become of. a glowing Body , by reaſon of its texture 
more vehemently hot then a burning Coal of the ſame big- 

neſs, and yet ualiketo ſend forth ſuch copious and ſtifling Fumes: 

- But we could not obſerve any manifeſt change upon the exſution 
of the Air. The Iron began indeed to loſe its Fiery redneſs at the 

top, but that ſeem'd to be becauſe it was at the upper end ſome- 

what more ſlender then at the lower: The redneſs, though ir were 

in the day time, continued viſible about four minutes; and then, 
betore it did quite diſ- appear, we turn'd the Key of the Stop- 
cock, but could not diſcern any change of the Iron upon the ru- 
ſhing in of the Air. Yet ſome little remainders of Wax that ſtuck 

to the Wier, and were turn'd into Fumes by the heat of the neigh- 
bouring Iron, ſeem'd to afford a more plentiful, or at leaſt a much 

more expanded ſmoke when the Air was ſuck'd out , then after- 
wards; though allowance was made for the decreaſing heat of the 

Iron, And laſtly, notwithſtanding a conſiderable ex{uaion 
of the Ambient Air, though not by far ſo great a one as might 
have been made by the Engine; and notwithſtanding the in- 
conſiderable diſſipation of the parts of the Iron the _— 
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fides of the Receiver were ſenſibly, and almoſt offenſively heated 
by it; inſomuch that a pretty while after the Iron was taken our, 
the ſides of the Glafle manifeſtly retain'd a warmth: which would 
not be unfic to be conſider'd by a Perſon at more leaſure then I 
am now. 
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EXPERIMENT KXIL 


BE" willing to try after this ſomething that would not che- 
riſh much Fire at once, and would keep Fire much longer 
then a Coal: We took apiece of Match, ſuch as Souldiers uſe, of 
the thickneſs of a Mans little Finger, or ſomewhat thicker, and 
this being well lighted at one end, was by a ſtring ſuſpended with 
that end downwards in the cavity of the Receiver which was im- 
mediatly cloſ'd: And yet by that rime it could well be ſo,the copi- 
ous Fumes of the Match had neer fill'd & darken'd the Receiver. 
Wherefore, leſt the Veſſel ſhould be endanger'd, the Pump was 
nimbly ply*d, & a great deal of Air and Smoke mixt together was 
drawn oor, whereby the Receiver growing more clear , we could 
diſcern the Fire in the Match to burn more and more languidly: and 
notwithſtanding that by the diligence uſd in Pumping, it ſeem'd 
to have room enough allow'd it to throw out Fumes; yet, after 
no long time, it ceai*d from being Jiſcernable either by its Light 
or its Smoke. And, though by that we were invited to ſuppoſe 
it quite extinguiſhed, yet we continu'd pumping a while, in proſe- 
cution of another Experiment we were trying at the ſame time: 
And this we did the more willingly, becauſe of a ſuſpicion, the 
Experiment about the Coals, might eaſily ſuggeſt, and which che 
event declar'd not to have been altogether groundleſſe. For upon 
the admiſſion of the external Air, the Fire, that ſeem'd to have 
gone out a pretty while before, did preſently revive; 2nd bei 

as it were refreſh'd by the new Air , and blown by the 
Wind made by that Air in ruſhing in, it began again to ſhine and 
| [G3] diſhpate 
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3 diſfipate the neighboring Fuel into Smoke as formerly, 
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EXPERIMENT XIIL 
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A While after we let down into the Receiver together with a 

lighted piece of Match, a great Bladder well tyed at the 
Neck, but very lank,as not containing actually much (it any thing) 
above a Pint of Air,but being capable of containing ten or twelve 
times as much. 

Our (cope in this Experiment was partly to try whether or no 
the ſmoke of the Match, repleniſhing the Reciver, would be able 
to hinder the Dilatation of the inward Air, upon the exſuction of 
the Ambient: And partly to diſcover whether the extinRion of 
the Fire inthe Match did proceed from want of Air,or barely from 
the preſſure of its own Fumes, which for want of room to expand 
themſelves in, might be ſuppoſ'd to Recoyl uponthe Fire, and (0 
to ſtifle it, 

Theevent of our tryall was, That at the beginning of our Pum. 
ping the Match appear'd well lighted, though it had almoſt fill'd 
the Receiver with its plentifull Fumes: Bur by degrees it burne 
more and more dimly, notwithſtanding, that by the nimble draw- 
ing out the Air and Smoke, the Veſlel were made lefle opacous, 
and lefle full of compreſſing matter; as appear'd by this, That the 
longer we pump'd, the lefle Air and Smoke came out of the Cy- 
linder at the opening of the Valve, and conſequently the leſle 
came into it before; yet the Fire in the Match went but (lowly 
out. And when afterwards, to atisfie our ſelves of its expirati- 
on, we had darken'd the Room, and in vain endeavoured to diſco- 
verany ſpark of Fire, (as we could not for ſome time before by 
the help of Candles diſcern the leaſt riſing of Smoke, )we yer con- 
tioued pumping fi; or ſeven times; and after all that, letting in 
the Air, the ſeemingly dead Fire quickly revived, and manifeſted 
sxecovery by Light and ſtore of Smoke,with the lattes of which 

it 
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jr quickly began to repleniſh the Receiver. Then we fell to pum- 
ping afreſh, and continued that labour ſo long, till the re-kindled 
Match went out again: and thinking it then fit not to ceaſe from 
Pappag ſoon as before, we found that inleſle then half a quar- 
ter of an hour the Fire was got out for good and all, and paſt the 
poſſibility of being recover'd by the re-admitted Air, 

Some Circumſtances, beſides thoſe already mention'd, occurr'd 
16 & in the making of the Experiment, of which theſe are the princi- 


al. | 
2 Firſt, when the Receiver was full of Smoke, if the Cylinder 


; were emptied, immediately upon the turning of the Stop.cock, 
o | che Receiver would appear maniteſtly darken'd to his eye chac 
le | look'd upon the light through it: and this darkneſs was much lets 


of | when the Receiver was much leſs fill'd with Fumes: Ic was alſo 
of | inſtantaneous, and ſeem'd ro proceed from a ſudden change of 
place and ficuation in the exhalations, upon the vent ſuddenly 
4 || afforded them and che Air they were mixt wich, out of the Recei- 
a || ver into'the Cylinder, 

The next thing we obſery'd was , a kinde of als that appear'd 
1. | 2 good while abour the Fire, and ſeem'd to be produced by the 
4 | ſurrounding Exhalations, 
it And laſtly, it is remarkable, That even when the Fumes ſeemed 
.. | moſt to repleniſh the Receiver, they did not ſenſibly hinder the 
: | Air included in the Bladder from dilating it ſelf after the ſame 
i | manner (for ought we could diſcern) as it would have otherwiſe 
1. | cone: So that betore the Fireor the Match was quite extin&, the 
ſe | Bladder appear'd (well'd at leaſt ro fix or ſeven times its former 
y | capacity. - 
4 Since the writing of theſe laſt Lines, we took a ſmall Receiver, 
» | capable of containing (by gueſs) abour a pound and a halt of Wa- 
y | £<1;andin the mid{t ofit we ſuſpended a lighted Match,but though 
- | within one minuce of an hour (or thereabouts) from the purcing in 
n 8 ofthe Match, we had cemented on che Cover, yer we could nor 
d | make ſuch haſte, but that before we began to pump, the Smoke 
þ& | had (o fail'd chat ſmall Receiyer , as tor ought we diſcern'd, to 
it choke 
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choke the Fire. And having again and again reiterated the Expe. 
-riment, it ſeem'd ftill as ar firſt, that we could not cloſe up the 
Veſlel}, and Pump out all the Fumes time enough to reſcue the 
Fire from Extin&ion, whereupon we made uſe of this Expedient; 
Aſſoonas we had pump'd once or twice, we ſuddenly turn'd the 
Key, and thereby gave acceſſe to the excluded Air, which ruſhing 
violently in, as if it had been forced thorow a pair of Bellows, did 
both drive away the aſhes, fill the Glaſs with freſh Air, and by 
blowing the almoſt extinguiſh'd Fire, re-kindl'd it, as appear'd by 
the Matches beginning again to ſmoke, which betore it had ceaſ'd 
to do; we having by this means obtain'd a lighted Match in the 
Receiver, withoutbeing reduc'd to ſpend time tocloſe it up, com- 
manded the Air to be immediatly pump'd our, and found that 
upon the exſuction of it, the Match quickly left ſmoking, as it 
ſeem'd, by reaſon of the abſence of the Airz and yer if ſome urgent 
occaſions had not hinder'd us, we would for greater ſecurity have 
try'd, whether or no the Match rekindled as formerly, would 
ſmoke much longer, in caſe of no exſuRion of the ambient Air, 
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EXPERIMENT XIV. 


E & O try diverſe things at once, and particularly whether Fire, 
| though we found it would not long laſt, might not yet be 
produced in our evacuated Receiver: We took a Piſtol of about a 
Foot in length, and having firmly tyed it to a ſtick almoſt as 1o 
as the Cavity of the Receiver, we very carefully prim'd it wit 
well dry'd Gunpowder, and then cocking it, we ty'd to the Trick- 
er, one end of a ſtring, whoſe other end was faſten'd to the K 
tormerly mention'd to belong to the Cover of our Receiver, This 
done, we convey'd the Piſtol, together with the annexed Staff, 
into the Veſlell which being cloſ'd up, and empty'd after the uſu- 
all manner, we began to turn the Key in the Cover, and thereby 


ſhorcaing the ſtriag chat reach'd from it to the Piſtol, we par 
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aſide the Tricker, and obſerv'd, that according to our expeaZ 
tion the force of the Spring of the Lock was not ſenſibly abated 
by the abſence of the Air: (from whoſe impetus yer ſome Modern 
| Naturaliſts would derive the cauſe of the motion of Reſtitution 
eB in ſolid Bodies) For the Cock falling with its wonted violence 
gs 8 uponthe Steel, ſtruck our of it as many, and as conſpicuous parts 
df of Fire, as, for ought we could perceive, it would have done 
y | intheopen Air. Repeating this experiment diverſe times, we al- 
y 8 ſoobſerved whether or no there would appear any co1fiderable 
'd diverſity in the Motion of the ſhining Sparks in a place where the 
"e remaining Air was ſo much rarefied, but could not perceive but 
1- | that they movedſome ofth2m upwards, as well as ſome of them 
at 8 downwards, and ſome ot them (1de-wates, as they are wont to do, 
it Þ when upon (uch collifions they fly out in the open Air, 
nt We likewiſe cau('d a piece of Steel to be made of the form and 
ve | bigneſle of the Flint, in whole place we pur it, and then the Piſtol 
id | being cock'd and conveyed into the Receiver , the Tricker was 
Ir, Þ pull'dafter the Air was drawn out: And though the place were 
purpoſely Comewhat darken'd, yet there appear'd not upon the 
—- | ſtriking of the two Steels againſt each other the leaſt ſpark of Fire: 
Nor did we expe any ( h1ving before in vain attempted to ſtrike 
Fire this way in the open Air) though we thought fic ro make the 
Experiment, to unJeceive thoſe who fancy in rarefied Air, 


e, | Iknow not what ſtrange diſpoſition, to take Fire upon a much 
be | flighter occaſion then this Experiment attorded . We have in- 
a | deed found, that by the dextrous Colliſion of two harden'd pieces 
of Steel, ſtore of (parks may be ſtruck out: But that was done 
t with ſuch vehemear percuſſion of the edges of the two Steels, as 
k- | couldnot well be compall'd in our Receiver. 
ey But the chief thing we defign'd ro do with our Piſtol, was, To 
us | obſerve whether Gun-powder would take Fire in our empty'd 
f | and cloſely ſtop'd Glaſs? Whether the expanſion of the Flame 
u- | would be confiderably varied by the abſence of ſo much of the 
ambient Air as was drawn out of the Receiver? & whether the 
I'd | Flame would diftute it (elte pa, as It iS wont, notwithſtanding 
de its 
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its not having about it the uſual proportion of Air to force it up? 
And though moſt of our Attempts to fire the Gun-powder in 
the Pan of the Piſtol ſucceeded not, becauſe we were fain to let it 
hang almoſt perpendicular in the Receiver, whereby the Powder 
was ſhaken down before the ſparks could reach it: yet once the 
Experiment ſucceeded, and the kindled Powder '\eem'd to make 
a more expanded Flame then it would have done in the 
'open Air, but mounted upwards according to its wont , whe- 
ther by reaſon of that little portion of Air, which in ſpight 
of our pumping remained in the Receiver, or tor any other cauſe, 
we have notnow the leaſure to conſider. But we muſt not forget, 
that uponthe extinction of the Flame the Receiver appear'd dar- 
ken'd with ſmoke, which ſeem'd co move freely up & down, and 
upon the letting in the Air at the Stop-cock began to circulate 
much faſter then before. We would have made more obſervations 
concerning this Flame, but that of two or three attempts we after- 
wards made to repeat the kindling of the Powder, not any one (uc- 
ceeded, & we have nottheleaſure ro dwell long upon one kinde of 


Tryals. 
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EXPERIMENT XV. 


O theſe Experiments concerning Fire we added another, which: 
though it ſucceeded not, may perhaps without impertinen 
be recorded: partly, becauſe that (as we have in another Treatiſe 
amply declar'd) itis uſefull ro recite what Experiments miſcarry as 
well as ſucceed, And partly alſo, becauſe it is very poflible that 
what we endeavoured in vain,may be performed by Your Lord- 
ſhip, or ſome other Yirt#oſo that ſhal have ſtancher Veſſels then we 
had,& more Sunny dayes then the preſent Winter allows us, 
We convey'd then into one of our ſmall Receivers apiece of mat- 
ter'combuſtible, dry & black(experience declaring things of that 


colour to be moſt eaſily kindled)8& carefully cloſing the Veſſel,we 
broughs 
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brought it to a Window at which the Sun, not very far from the 
Meridian,ſhone in very freely: then drawing out the Air with ſpeed 
we united the Sun-beams with a burning Glaſs upon the combuſti- 
ble matter, which began immediatly ro ſend forth a Smoke that 
quickly darkned the Receiver, but notwithſtanding all our care 8 
diligence the external Air got in ſo faſt, that after diverſe tryals we 
were fain to leave oft the Experiment in that Glaſs, and induc'd to 
make tryal of itin our great Receiver, 

Having then after ſome difficulty lodg'd the combuſtible matr- 
ter inthe cavity of this Veſlel in ſuch manner, as that'it was almoſt 
contiguous to that fide thereof that was next the Sun, we did en- 
deayour with a pretty large burning Glaſs to kindle ic, but found, 
2s we fear'd, That,by realon of che thickneſle of the Glaſs, (which 
was alſo of a leſle pure & leſſe Diaphanous matcer chen the other) 
the Sun-beams thrown in by the burning Glaſs, were ia their paſ- 
ſage ſo diſlocated $& ſcattered (not now to mention thoſe many 
that being refleRed, could not pierce into the cavity of the Recei- 
yer)that we could nor poſſibly unite enough of them to kiadle the 
matter, nor ſo much as co make it ſenſibly ſmoke. Yetwe hope 
that che ſeeing whether Bodies (other then Gun-powder) may be 
kindled, & what would happen to them when ſet on fire, ina place 
in great meaſure devoid of Air, may prove {o Luciterous, an Ex- 
periment, that when the Seaſon is more fayouravle we ſhall, God 
permitting, make farther tryal of it, and. acquaint your Lordſhip 
with the Event, if it prove proſperous. In the mean time we ſhall 
paſs on to other Experimeats, as ſoon. as we have advertif'd Your 
Lordſhip that we have forborn to make (ſuch RefleRions upon the 
ſeverall Experiments we have (et down concerning Fire, as the 
matter would have eafily afforded, and Your Lordſhip may per- 
haps have expected. Bur I made the leſs ſcruple to forbear the ag- 
nexing of Specalations to theſe Recitals, becauſe Carneades & B- 
leutherivs have in ſome Diaiogues concerning Heat and Flame, 
(which were laſt year ſeen by fome Friends,and may be, when you 
pleaſe, commanded by You, ) mention'd divers of my. Thoughts 
2nd Experiments concergng Fire. 
[H2]) E X- 
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EXPERIMENT XVI. 


V E deſigned to try whether or no divers Magnetical Ex- 

periments would exhibit any unuſuall P#enomena, being 
made in our Evacuated Receiver inſtead of the open Air: But for 
want of leaſure and conveniency to proſecute ſuch Tryals,we were 
induced to reſerve the reſt for an other time, and to content our 
ſelves with making that which follows, We convey'd into the 
Receiver a little Pedeſtal of Wood, in the midſt of which was per. 
pendicularly erected a ſlender Iron, upon whoſe ſharp point an 
excited Needle of Steel purpoſely made, and of about hve Inches 
long, was ſoplaced, that hanging in an <Aquilibriam it could 
move freely towards either hand. Then the Air being after the 
uſuall manner pumped out, we apply'd a Load-ſtone moderately 
vigorous to the out-1ide'of che Glaſs, and found that it Attradted 
or Repell'd the ends of the. Needle; according to the Laws 
Magneticall, without any remarkable difference from what the 
ſame Load- ſtone would have done, had none of the Air been drawn 
away from about the Needle, which, when the Loadſtone, was re: 
moved, after ſome tremulous Vibrations to and fro, reſted in apo- 
fiction, wherein it look'd North and South, 
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EXPERIMENT XVII. 


PRoceed we now tothe mention of that Experiment ; wheres 
of the ſatisfaQory tryal was the principal! Fruit I promifd 
my {ſelf from our Engine . It being then ſufficiently known, 
that , in the Experiment De Yacze, the Quickfilverin the Tube 
45 wont to remain elevated, above the ſurtace of that whereon it 
leans, about 27 digits: I conſidered, that, if the-true & only reaſos 
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why the Quick-filver falls no lower, be, that at that Altitude, the 
Mercurial Cylinder in the Tube is in an «quilibri# with the Cy- 
linder of Air, ſuppoſ'd to reach from the adjacent Mercury to the 
top of the Armoſphere: then if this Experiment could be try'd 
out of the Atmoſphere, the Quick- ſilver in the Tube would fall 
down to a levell with that in the Veſlell, ſince then there would 
be no preſſure @pon the Subjacent, to reſiſt the weight of the 
Incumbent Mercury, Wheace I interr'd (as eaſily I might) that if 
the Experiment could be try'd in our Engine, the Quick-filver 
would (ubſide below 27 Digitis, in proportion to the exſuftion of 
Air, that ſhould be made out of the Receiver. For, as when 
the Air is ſhut into the Receiver, it doth (according to what hath 
above been taught) continue there as ſtrongly compreſl'd, as 
it did whilſt all che incumbent Cylinder of the Atmoſphere lean'd 
immediatly upon itz becauſe the Glaſs, wherein it is pen'd up, 
hinders it to deliver it ſelf, by an expanſion of its parts, from 
the preflure wherewith it was ſhut up. So if we could perfectly 
draw the Air our of the Receiver , it would conduce as well to 
our purpoſe, asif we were allow'd to try the Experiment beyond 
the Atmoſphere. 

Wherefore (after having ſurmounted ſome little difficulties 
which occurr'd at the beginning). the Experiment was made after 
this manner, Wetook a lender and very curiouſly blown Cylin- 
der of Glaſs, of neer three foot in length, and whoſe bore had in 
Diameter a quarter of an Inch, wanting a hairs breadth: This Pipe 
being Hermetically ſcal'd at one end , was, at the other, fill'd with 
Quick- f1iver, care being takenin the filling, that as few bubles as 
was poſſible thould be lett in the Mercury: Then the Tube being 
ſtopt with the Finger and inverted, was open'd, according to the 
manner of the Experiment, into a ſomewhat long and ſlender 
Cylindricall Box(inſtead of which we now are wont to uſe a Glaſs 
of the ſame form) halt fi1I'd with Quick- {ilver: And ſo, the liquid 
merall being ſuffered to ſubſide, and a piece of Paper being paſted 
on levell with its upper ſurface, the Box and Tube and all were by 
frings caretully let down into the Receiver: and theny by means of 
= CH 3] the 
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the hole formerly mentioned to be left in the Cover, the ſaid Cg- 
ver was{lipt along as much of the Tube as reached above the top 
of the Receiver z And-the Intervall, left betwixt the ſides of the 
Hole and thoſe of the Tube, was very exquiſitely filled up with 
melted (but not over hot) Diachylon; and the round chink , be- 
twixt the Cover and the Receiver, was likewiſe very carefully 
cloſed up : Upon which cloſure there appeared not any change in 
the height of the Mercurial Cylinder ; no more, then it the inter- 
poſed Glaſs Receiver did not hinder the immediate preſſure of the 
ambient Atmoſphere upon the incloſed Air; which hereby appears 
to bear upon the Mercury, rather by virtue of its ſpring , then of 
its weight: ſince its weight cannot be ſuppoſed to amount toabove 
two or three Ounces, which is inconfiderable incompariſon of ſuch 
a Cylinder of Mercury as it would keep from ſubfiding. 

All things being thus in a readineſs, the Sucker was drawn 
down; and, immediately upon the egreſs of a Cylinder of Air out 
' ofthe Receiver , the Quick- ſilver in the Tube did, according to 
expectation, ſubſide: And notice being carefully tiken (by a mark 
faſtened to the ontfide) of the place where it ſtoprt, we cauſed him 
that managed the Pump to pump again , and marked how low the 
Quick-filver fell at the ſecond exſuion z but continuing this 
work , we were quickly hindred from accurately marking the Sta: 
ves made by the Mercury inits deſcent, becauſe it ſoon ſunk below 
the top of the Receiver, ſo that we could henceforward mark it no 
other ways then by theeye. And thus, continuing the labor of 
pumping for abour a quarter of an hour , we round our ſelves un- 
able to bring the Quick-filver in the Tube torally to ſublide; be- 
cauſe, when the Receiver was confiderably emptyed of its Air, and 
conſequently thar little that remained grown unable to reſiſt the 
Irruption of the External , that Air would (in fpight of whatever 
wecould doe) preſs in at ſome little Avenue or other; and though 
much conld not thereat get in, yet alittle was ſufficient to coun» 
terballance the preſſure of ſo ſmall a Cyliader of Quick-ftlver , as 
then remainedin the Tabe. | 
Now (to ſatisfy our ſelves farther, that the falling of the Quick 

ver 
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filver in the Tube to a determinate height, proceedeth from the 
quilibrium,wherein it is at that height with the external Air,the 
one gravitating, the other prefling with equal force upon the ſub- 
jacent Mercury) we returned the Key and let in ſomenew Air, up- 
on wh ch the Mercury immediatly began to aſcend (or rather to 
beimpelled upwards) inthe Tube , and continued aſcending , till 
having returned the Key , it immediatly reſted at the height which 
it had then attained: And ſo, by turning and returning the Key, 
we did ſeveral times at pleaſure impell it upwards, and check its af- 
cent. And laſtly, having given a tree egrels at the Stop-cock to as 
much of the external Air as would come in , the Quick-filver was 
impelled up almoſt to its firſt height: I ay almoſt, becauſe it ſtopr 
near a quarter ofan Inch beneath the Paper mark formerly men- 
tioned}, which we aſcribed to this, That there was (as is uſual in 
this Experiment) ſome little Particles of Air engaged among thoſe 
of the Quick-filver , which Particles, upon the deſcent of the 
Quick-filver, did manifeſtly riſe up in Bubbles towards the top of 
the Tube, and by their preſſure, as well as by leſſening the Cylia- 
der by as much room as they formerly took up init , hindered the 
Quick- filver from regaining irs firſt height. I 

This Experiment was a few days after repeated in the preſence 
of thoſe excellent and deſervedly Famous Mathematick Profeſ- 
fors, D*. Walls, D*. Ward, and Mr. Wren, who were pleaſed to 
Honor it with their Preſence: And whom I name , bothas juſtly 
counting it an Honor to be known tothem , and as being glad of 
ſuch Judicious and illuſtrious Witneſſes of our Experiment ; and 
*twas by their gueſs, that the top of the Quick-ſilver in the Tube 
was defined to be brought within an Inch of the ſurface of that in 
the Veſlell. 

Andhere , for the Illuſtration of the foregoing Experiment, 
it will not beamiſs to mention ſome other particulars relating 
to it. 

Firſt then, When we endeavored to make the Experiment with 
the Tube cloſed at one end with D/achylon inſtead of an Hermetical 
Seal; we perceived , that upon the drawing of ſome of the Air out 
of 
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of the Receiver , the Mercury did indeed begin to fall, but conti- 
nued afterwards to ſubſide, though wedid not continue pumping, 
When it appeared, that though the Di/achylon that ſtopt the end of 
the Tube, were ſo thick and ſtrong, that the external Air could not 
prels it in (as experience taught us that it would hove done, if 
there had been bur little of it) yet the ſubtler parts of it were 
able (though ſlowly) to inſinuate themſelves through che very 
body of the Plaiſter , which it ſeems was not of ſo cloſe a Tex-+ 
ture , as that which we mentioned our ſelves to have ſucceſſetully 
made uſe of in the Experiment De Yacuo ſome years ago. So that 
now we begin to ſuſpe&, that perhaps one Reaſon , why we can- 
not perfectly pump out the Air , may be, that when the Velſlell 
is almoſt empty , ſome of the ſubtler parts of the External Air 
may, by the preſſure of the Atmoſphere, be ſtrained chrough the 
very body of the Diachylon into the Receiver. But this is onely 
conjecture. 

Another Circumſtance of our Experiment was this , Thar, if 
(when the Quick-filver in the Tube was fallenlow) too much in- 
greſs were , at the hole of the Stop-cock, ſuddenly permitted to 
the external Air; it would ruſh in with that violence , and bear ſo 
forcibly-upon the ſurface of the {ubjacent 'Quick- ſilver , that ic 
would impell it up into the Tube rudely enough to endanger the 
breaking of the Glaſs, 

We formerly mentioned, that the Quick-filver did not in its 
deſcent fall as much at a time after the two or three firſt exſuſions 
of the Air, as at the beginning. For, having marked its ſeveral 
Stages upon the Tube, we found, that at'the firſt ſuck it deſcended 
an lachand }, and at the ſecond an Inch and j; and when the Veſ- 
ſell was almoſt emptied, it would ſcarce at one ex{uftion be drawn 
down above the breadth of a Barly-corn. And indeed we foundir 
very dithcult to meaſure in what proportion theſe decrements of 
the Metrcurial Cylinder did proceed : Partly becauſe (as we have 
already ncieoed) the Quick-filver was ſoon drawn below the top 
of the Receiver 3 and partly becauſe , upon its deſcent at each ex+ 
Auction, it would immediatly reaſcend alittle upwards; _ by 
| reaon 
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reaſon of the leaking of theVeſſell at ſome imperceptible hole or 
other, or by reaſon of the motion of Reſtitution in the Air, which, 
being ſomewhat compreſſed by the fall as well as weight of the 
Quick: filver, would repell ir alittle upwards, and make it vibrate 
aliccle up and down, before they could reduce each other to ſuch 
an «/£quilibrium as both might reſt in, But though we could nor 
hicherto make obſervations accurate enough concerning the mea- 
ſuces of the Quick-filver's deſcent, to reduce them into any Hy- 
potheſis, yet would we not diſcourage any from attempting it; 
ſince, it it could bereduc'd to a certainty, 'tis probable thac the 
diſcovery would nor be unuſefull, 

And, to illuſtrate this matter alittle more, we will adde, That 
we made aſhittro try the Experiment in one of our above menti- 
on'd ſmall Receivers, not — a Quartz but (agreea- 
bly to what we formerly obſerved) we found it as difficult to bring 
this to be quite empty as to evacuate the greater; the leaſt exter- 
nal Air that could get in(8& we could not poſſibly keep itall perfe- 
ly out) ſufhicing in ſo ſmall a Veſlell ro diſplay a conſiderable 
preſſure upon the ſurface of the Mercury, & thereby hinder that in 
the Tube from falling to a level with it . But this is remarkable, 
that having ewo or three times try'd the Experimentin a ſmall Veſ- 
ſell, upon the very firſt Cylinder of Air that was drawn out of the 
Receiver, the Mercury fell in the Tube 18 Inches and a halfe, and 
at a other tryal 19 Inches and a half. 

Bur, on this occaſion, I hold it not unfir to give your Lordſhip 
notice that I hop'd from the deſcent of the Quick-filver in the 
Tube upon the firſt ſuck, to derive this advantage: that I ſhonld 
thence be inabled to give a near gueſs at the proportion of force 
betwixt.che preſſure of the Air (according to its various ſtares, as 
to Denſity and Raretaftion) and the gravity of Quick-filver, then 
hitherto hath been done. For in our Experiment there are diverſe 
things given, that may be made uſe of towards ſuch a diſcovery. 
For firſt we may know the capacity of the Receiver wherein 
the Experiment is made, [ince, by filling it with water, we may ea- 
kly compute how many Cm Meaſures ofany other denomi- 

nation, 
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nation, it containeth of Air;which Air, when ſhut up in the Veſſell 
may be ſuppoſ'd to have a preſſure equal to that of the Armo» 
ſphere; ſince it is able to keep the Quick-filver in the Tube from 
falling any lower then it did in the free and open Air. Next here 
is given vs the capacity of the braſs Cylinder empty'd by the 
drawing down of the Sucker (its bore and height being mention'd 
inthe deſcription of our Pump) whereby we may come to know 
how much of the Air contain'd in the Receiver is drawn our at the 
firſt ſuck. And we may alſo eaſily define, either in weight or cus 
bick meaſures, the Cylinder of Quick-filver that an{wers to the 
Cylinder of Air lately mention'd (that Mercuriall CylinJer being 
in our Engine computable by deducting from the entire altitude 

of that Cylinder of Quick-filver, the altitude at which ir reſts 
upon the firſt exſuſtion.) But though, if this Experiment were 
very watchfully try'd in Veſlels of ſeverall ſizes, and the various 
deſcents of the Quick-filyer compar'd among themſelves, *tis not 
improbable,that ſome ſuch things, as we hop'd for, may thereby be 
diſcovered. Yet becauſe not onely the ſolid contents of as much 
of the Glaſs-tube as remains within the concave ſurface of the 

Receiver, and (which is more difficult) the varying contents of 
the Veſſell containing the Mercury, and of as much of the Mercu- 
ry it ſelf as is notin the Tube, muſt be deducted our of the capa- 
city of the Receiver , but there muſt alſo an allowance be. made 
for this, that the Cylinder that is empty'd by the drawing down 
of the Sucker, and comes to be fill'd upon the letting of the Air 

out of the Receiver into it, is not ſo repleniſh'd with Air as the 

Receiver it ſelfat firſt was: becauſe there paſſeth no more Air out 
of the Receiver into the Cylinder, then is requifite to reduce the 

Air in the cavity of the Cylinder, and in that- of the Receiver to 

the ſame meaſure of dilatation. Becauſe of theſe (I ſay) and ſome 

other difficulties that require more $kill in Mathematicks then I 

pretend to, and much more leaſure then my preſent occaſions 

would allow me, I was willing to refer the nicer conſideration of 
this matter to ſome of our Learned and accurate Mathematicians, 


thinking it enough tor me to have given the Hint already ſugge- 
ted, For 
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For farther confirmationof what hath been delivered, we like- 
wiſe tryed the Experiment in a Tube of leſs then two foot long: 
2nd, when there was ſo much Air drawn out of the Veſſel, thac 
the remaining Air was not able to counterballance the Mercurial 
Cylinder, the Quick- ſilver in the Tube ſubſided (o viſibly, that 
(the Experimeat being try'd in the little Veſlell lately mention'd) 
at the firſt (uck ic fell above a ſpan, and was afterwards drawn 
lower and lower for a lictle while; and the external Air being letin 
upon it, impell'dit up again almoſt tothe top of the Tube: So lit. 
tle matters it how heavy or light the Cylinder of Quick-filverto 
ſubſide is, provided its gravity overpower the preſſure of as 
much external Airas bears upon the ſurtace of that Mercury into 
which it is to fall. 

Laſtly we alſo obſerv'd,)That it((when the Mercury in the Tube 
had been drawn down, and by an Ingreſs permitted to the exter- 
nal Air, impell'd up again to its former height) there were ſome 
more Air thruſt up by the help of the Pump into the Receiver, 
the Quick-ſilver in the Tabe would aſcend much above the won- 
ted height of 2 7 digits, and immediatly upon the letting out of 
that Air would fall again to the height ic reſted at before. 

Your Lordſhip will here perhaps expeR, that as thoſe who have 
treated of the Torrice/iian Experiment, have for the moſt parr 
maintained the Affirmative, or the Negative of that famous Que- 
ſtion, Whether or no that Noble Experiment infer a Vacuum? 
ſo I ſhould on this occaſion interpoſe my Opinion touching that 
Controverſie, or at leaſt declare whether or no, in our Engine, the 
exſuion of the Air do prove the place deſerted by the Arr ſuck'd 
out, to be truly empty, that is, devoid ofall Corporeal Subſtance. 
But beſides, that I have neither the leaſure,nor the ability, to enter 
into a ſolemn Debate of ſo nice a Queſtion, Your Lordihip may,if 
you think it worth the trouble, in the Dialogues not long fince 
referr*d to, find the Difficulties on both ſides repreſented; which 
then made me yeild but a very wavering aſſent to either 'of the 
parties contending about the Queſtion: Nor dare I yet take upon 

me to determine ſo diftcult a Controverly. 
off | For 
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For on the one ſide it appears, that notwithſtanding the exſy- 


ion of the Aur, our Receiver may not be deſtitute of all Bodies, 
ſince any thing placed in it, may be ſeen there; which would not 
be, it it were not pervious to thoſe beams of Light which reboun- 
ding from the ſeen Object to our eyes, affect us with the ſenſe 
of it: And that either theſe Beams are Corporeal Emanations 
from ſome lucid body, orelſe at leaſt, the light they convey doth 
reſult from the brisk Motion of ſome ſubtle Matter, I could, it I 
miſtake not, ſufficiently manifeſt out of the Dialogues above men- 
tion'd, ifI thought your Lordſhip could ſerioutly imagine that 


Light could be convey'd without, at leaft, having (it I may ſo 


ſpeak) a Body for its Vehicle. 

By the fixteenth Experiment, it alſo appears that the cloſe- 
nefle of our Receiver hinders it not from adwitting the Efluvia 
of the Load-ſtone; which makes it very probable thar it alſo tree- 
ly admits the Magneticall fteams of the Earth; concerning which, 
we have in another Treatiſe endeayour'd to maniteſt chat numbers 
of them do alwates permeate our Air. 

But on the other ſide it may be faid, That as for the ſubtle 
Matter which makes the Objes encloſed in our evacuated Recei- 
ver, viſible, and the Magnetical EMuvia of the Earth that may be 
preſum?*d to paſs thorow it, though we ſhould grant our Veſſel 
not to be quite devoyd of them, yer we cannot (o reaſonably affirm 
it to be repleniſh'd with them, as we may ſuppoſe , that if they 
were gather'd together into one place without Intervalls between 
them, they would fill bur a ſmall part of the whole Receiver. As 
in the thirteenth Experiment, a piece of Match was incon(iderable 
for its bulk, whileſt its parts lay cloſe together, that afterwards 
(when the Fire had (catter'd them into ſmoke )ſeem'd to repleniſh 
all the Veſſell. For (as elſewhere our Experiments have demon- 
ſtrated) both Light and the Efluvia of the Load-ſtone, may be 
readily admitted intoa Glaſle, Hermetically ſeal'd, though before 
their Admiſhon,as full of Air as hollow Bodies here below are wont 
to be;ſo that upon the exſuction of the Air,thelarge ſpace deſerted 
by it, may remain empty, notwithſtanding the pretence Hy 
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ſubtle Corpuſcles, by which Lucid and Magnetical Bodies pro- 
duce their effects. 

And as for the Allegations above mention'd,.they ſeem'd to 
prove bur that the Receiver devoid of Air, ſay be repleniſh'd 
with ſome Echerial Matter, as ſome Modern Narturaliſts write of 
but not that it really & ſo. And indeed to me it yet ſeems, that as 
tothoſe ſpaces whichthe Yacuiſts would have to be empty, be- 
cauſe they are maniteſtly devoid of Air; and all grofler Bodies the 
Pleniſts (if I may ſo call them) do not prove that ſuch ſpaces are 
repleniſh'd with ſuch a ſubtle Matter as they ſpeak of, by any ſen- 
ſible effcs, or operations of it (of which diverſe new Tryals pur- 
poſely made, have not yet ſhewn me any) but onely conclude 
that there muſt be ſach a Body, becauſe there cannot be a Void, 
And the reaſon why there cannot be a Void, being by them taken, 
not from any Experiments, or Phenomena of Nature, that clearly 
and particularly prove their Hypotheſis, but from their notion of 
a Body, whoſe Nature , according to them, conſiſting one- 
ly incxtenſion (which iadeed ſeems the property moſt eſſential 
eo, becauſe inſeparable from a Body) to ” a ſpace Cevoid of Bo- 
dy, is to ſpeak in the School-mens Phraſe, a Contradiftion ix 
Adjefto: This reaſon 1 fay, being thus deſum'd, ſeems to make 
the Controverſie about a Yacuum, rather a Metaphyſical, then a 
Phyſiological Queſtion; which therefore we ſhall here no longer 
debate, finding it very difficult either to ſatis fie Naturaliſts with 
this Carteſian Notion of a Body, or to manifeſt wherein it is er- 
roneous, and ſubſtitute a better in its ſtead, 

But though we are unwilling to examine any farther the Infe- 
rences wont to be made from the Torricel/ian Experiment, yet 
we think it not impertinent to preſent Your Lordſhip with a cou- 
ple of Advertiſements concerning it. 

Firſt, chen if in trying the Experiment here or elſewhere, you 
make uſe of the Engliſh meaſures that Mathemarticians & Trade(- 
men are here wont to imploy,, You will, unlefſe you be fore- 
warn'd of it, beapt to ſuſpe&that thoſe that have written of the 
Experiment have been miſtaken. For whereas menare wont gene- 
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rallytotalk ofthe Qick-filvers remaining ſuſpended at the height 
of between fix or ſeven and twenty Inches ; we commonly obler. 
ved, when divers years fince we firſt were ſollicitous about this 
Experiment, that the Quick-filver in the Tube reſted at about 2g 
Inches and an halfe above the ſurface of the Reſtagnant Quick- 
filver in the Veſicll , which did at firſt both amaze and perplex us, 
becauſe though we held it not improbable that the difference of 
the groſſer Engliſh Air, and that of 7taly and France , might keep 
the Quick-filver from falling quite as low in this colder, as in thoſe 
warmer Climates; yet we could not believe that that differencein 
the Air ſhould alone be able to make ſo great an one1n the heights 
of the Mercurial Cylinders ; and accordingly upon enquiry we 
found , that though the various denfity of the Air be not to be 
over-looked in this Experiment , yet the main Reaſon why we 
found the Cylinder of Mercury to conſiſt of ſo many Inches, was 
this , That our Engliſh Inches are ſomewhat inferior in length to 
the digits made uſe of in Forein Parts, by the Writers of the Ex- 
periment. 

The next thing I defire Your Lordſhip to take notice of, is, 
Thar the beight of the Mercurial Cylinder is not wont to be found 
altogether ſo great as really it might prove, by reaſon of the ne- 
gligence or incogitancy of moſt that make the Experiment, For 
oftentimes upon the opening of the inverted Tabe into the Veſ- 
ſel'd Mercury, you may obſerve a bubble of Air to aſcend from Þ et 
the bottom of the Tube through che ſubſiding Quick-filver to Y ar 
the top ; andalmoſt always you may, if = look narrowly, take | 
notice of a multitude of ſmall bubbles all along the infide of the | þ, 
Tube betwixt the Quick-filver and che Glaſs : (notnow to men» | m 
tion the Particles of Air that lye concealedin the very Body of the | ve 
Mercury) Many of which , upon the Quick-filvers forſaking the | be 
upper part of the Tube, dobreak into that deſerted ſpace where | di 
—_— little or no reſiſtance to their expanding of themſelves. Þ ex 
Whether this be the reaſon that upon the Application of warm | th 
Bodies to the emptyed part of:the Tube, the ſubjacent Mercury 
would be deprefied ſomewhat lower , we ſhall not — 
[no 
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though it ſeem very probable, eſpecially ſince we found, that,up- 
onthe application of Linnencloaths dipped in Water, to the ſame 

art of the Tube, the Quick-filver would ſomewhat aſcend; as.if 
the cold had condenſed the Impriſoned Air, (that preſſed upon ir,) 
into aleſſer room. Bur that the deſerted ſpace is not wont to be 
totally devoid of Air , wewere induced to think by ſeveral Cir. 
cumſtances, For when an eminent Mathematician , and excellenc 
Experimenter, had taken great pains and ſpent much time in accu- 
ratly filling up a Tubeoft Mercury , we found that yet there re- 
mained ſtore of inconſpicuous bubbles , by inverting the Tube, 
letting the Quick-filver fall to its wonted heighth, and by apply- 
ing ( by degrees) a red hot Iron to the out-fide of the: Tube, 
over againſt che upper part of the Mercurial Cylinder , (for here- 
by the little unheeded bubbles, being mightily expanded , aſcen- 
dedin ſuch numbers, and fo faſt to the deſerted ſpace, that the up« 
per part of the Quick-filver ſeemed, to our wonder, to boyl.) We 
tarther obſerved, Thatin the tryals of the Torricellian Experi- 
ment we have ſeen made by others, and (oneexcepred) all our 
own , we never found that: upon the inclining of the Tube the 
Quick-filyer would fully reach to the very top of the ſealed end: 
Which argued, that there was ſome Air retreated thither that kept 
the Mercury out of the unreplenithed ſpace, 

If Your Lordſhip ſhould now demand what are-:the beſt expedi- 
ents to hinder the intruſton of the Air in this Experiment; we muſt 
anſwer, That of thoſe which are eaſily intelligible without ocular 
demonſtration, we can at preſent (ſuggeſt, upon our own tryals, no 
better then theſe. Furſt , at the open end of the Tubethe Glaſs 
muſt not onely be made as even at the edges as-you can, butir is 
very convenient (eſpecially if the Tube be large) that the bottom, 
be every way bent inwards, that ſo the Orifice , not much excees. 
ding a quarter of an Inch in Diameter, may be themoreeafily and 
exatly ſtopped by the Experimenter's finger, between which and 
the Quick- ſilver, that there may beno: Air intercepted (as very 
oftenithappens that there is): irs requiſite that che Tube be 54 
led as full as poſhbly it can be , that the finger which is to ſtop ir, 
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preſſing upon the accumulated and protuberant Mercury , may r 
ther throw down ſome, then not finde enough exaQtly co'keep our 
the Air. It is alſo an uſeful and compendious way not to fill the 
Tubeat firſt quite of Mercury , bur to leave near the top about a 
quarter ofan Inchempty ; for if you then ſtop the open end with 
your finger, and invert the Tube that quarter ofan Inch of Air will 
aſcend ina great bubble to the top, and in its paſſage thicher , will 
gather up all the little bubþles, and-nnite them with it ſelfe into 
one great one ; ſothar it by reiaverting the Tube , you ler that 
bubble return to the open end of it , you will have a much cloſer 
Mercurial Cylinder then before, and need bur to adde a very little 
Quick-ſilver more to fill up the Tube exatly, And laſtly.,, as for 
thoſe lefler. and inconſpicuous parcels of Air which cannot this 
way be gleaned np, You may endeavor before you invert the 
Tube, to free the Quick-ſilver from them by ſhaking the Tube, 
and gently knocking on the our- (ide of it, after every lictle parcel 
of Quick-filver which you pour in; and atterwards, by forcing the 
{mall latitant bubbles of Air:to diſcloſe themſelves and break, by 
tmploying a hot Iron in ſuch manner as we lately mentioned. TIre- 
member that by carefully filling the Tube, though yet it were 
not quite free from Air , we have made the Mercurial Cylinder 
reach to 30 Inches and above an eight , and'this in a very ſhort 
Tube: which we therefore mention , becauſe we have found , by 
Experience, that in ſhort Tubes alittle Airis more prejudicial to 
the Experiment then in long ones, where the Air having more 
room to expand it (elfe , doth leſs potently preſs upon the ſubja- 
cent Mercury, _. | 't 

-: And ſince we are fallen; uponthe confideration of the Altitude 
of the Mercurial Cylinder, I muſt not conceal from Y our Lord(hip 
an Experiment. relating thereunto, which perhaps will ſet both 
You and many of your Friends the Yirt»oſi on thinking; and, by 
diſcloting ſome things about the Air or: Aemoſphere , that have 
{caxce hitherto been raken notice-of , :may afford you ſome hints 
concucive tb atarther diſcovery ofthe ſubject of this Epiſtle; | » 
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EXPERIMENT XVIIL 
V VE took a Glaſs Tube, which though it were not much a» 


bove three Foot long, we made choice of, becauſe it was 
of a more then ordinarily even chickneſſe. This we fill'd with Mer- 
cury, though not with as much care as we could yet with ſome- 
what more then 15 wont to be yſed in making the Torricellian 
Experiment, Thea, having according to the manner inverted 
the Tube, & open'd the mouth of it beneath the ſurface of ſome 0- 
ther Quick-filver,that in the Tube fell down to the wonted heigth, 
leaving,as is uſual, ſome little Particles of Air in the ſpace it deſer- 
ted, as we'gheſt by obſerving, that upon the Application of hot 
Bodiesto the upper part of the Tube, the Quick-fi:ver would be 
alittle depreft'd. Laſtly, having pur botty che Tube and the Veſ- 
ſell it lean'd on 1ato a convenient Wooden Frame, to keep them 
from miſchances: we plac'd that Frame in a Window within my 
Bed.chamber, rhat I might both keep the Mercury from being 
ſtirr'd, and have opportunity to watch from time to time the Phe- 
nomena it was to exhibit. For the better diſcovery ot which, when 
the Quick-filver both in the Tube and -ubjacent Veſſel was perfe- 
ly at reſt, we took notice, by a mark made on the outſide of the 
Glaſs, how high che included Liquor then reach'd, 

During ſeverall Weeks that the Tube was kept in that Window 
(which was very rarely open d) I had the oppaggunity to obſerve, 
that the Quick-filver did fomerimes faintly inmate the Liquor 
of a Weather-glaſſe,ſubſiding alittle in warm,and riſing a little in 
cold Weather, which we aſcribed to the greater or lefler preſſure 
of that lirtle Air that remain'd at the top of the Tube,expanded or 
conden{'d by the heat or cold thar affeRted the ambient Air. Bur 
that which 1 was chiefly careful tro-obſerve, was this, That often» 


* times theQuick- {ilver didriſe & tall in theTube,& that very nota- 


bly,wichour conforming it [elf ro what is uſual in Weather-glafles, 
K ] whole 
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whoſe Airis at the top, nay quite contrary thereunto: for ſomes * 


.times Tobſerv'ditin very cold weather (ſuch as this Winter hath 
alreaty afforded us good ſtore of) to fall down much lower then 
at other times, when by reaſon of the abſence of both Froſt, Snow, 
and ſharp Winds, the Air was comparatively much warmer, And 
I farther obſerv'd, That ſometimes the Quick-filver would for 
ſome daics together reſt almoſt at the ſame height; and ar other 
times again it would in tbe compaſle of the ſame day conſiderably 
vary its altitude, though there appear'd no change either in the 
Air abroad, or in the temper of the Air withia the Room (where- 
in was conſtantly kept a good Fire) nor in any thing elle, ro which 
either I, or ſome eminently Learned Men, whom I then acquain- 
red with the Experiment, could reaſonably impute ſuch a change: 
Eſpecially conſidering that the ſpace wherein the Mercury wan- 
dred up and down, within about five Weeks, amounted co full 
two Inches, of which we found by our ſeverall marks whereby 
we had taken notice of its ſeveral removes, that it had deſcended 
about *; of an Inch from the place where it firſt ſerled, and che 0- 
ther Inch and & it had aſcended. And it ſeems probable that the 
height of the Mercurial Cylinder would have varied yet more, if 
the Experiment had been made ia the open Air, and in a long 
Tabe, where the Particles of the Impriſon'd Air, by having more 
room todiſplay themſelves in, might not have had fo ſtrong a 
Spring to work upon the Quick-filyer with. But tor want both of 
time and of a competent quantity of Mercury (which was not to 
be procur'd where we then happen'd to be) we' were unable to 
make any fartherggyals: which therefore chiefly troubled us, be- 
cauſe we would gladly have try'd an ingenious Experiment which 
was ſuggeſted unto us by that excellent Mathemartician Mr.Wrey, 
who being invited to name any thing he would have us try tou- 
ching the preſſure of the Air, deliredus to obſerve whether or ao 
the Quick-filver ina long Tube would not alictle vary its height 
according tothe Tides, eſpecially about the New and Full Moon; 


about which times Mariners obſerve thoſe great _ and” 


Ebbs of the Sea, that they call the Spring-Tides, For he agate 
ouly 
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ouſly and plauſibly conjeRur'd that ſuch obſeryations accurately 
made, would diſcover the truth or erroneouſneſle of the Carteſian 
Hypotheſis concerning the Ebbing and Flowing of the Sea: which 
Des Cartes aſcribeth to the greater preſſuremade upon the Air by 
the Moon, and the Intercurrent Ethereal Subſtance ar certain 
times (ot the Day, and ofthe Lunary Moneth) then at others. Bur 
in regard we found rhe Quick-filver in the Tube to move up and 
down ſo uncettainly, by reaſon, as it ſeems, of accidental mutari- 
on in the Air; I ſomewhat doubt whether we ſhall find the Alti- 
eude ofthe Quick- (ilver to vary as regularly as the Experiment is 
ingeniouſly propoſ'd. The ſucceſs we ſhall (God permitting us 
ro make tryal of it) acquaint your Lordſhip with; and in the mean 
time take notice, that when we had occaſion to take the Tube out 
of the Frame (after it had ſtaid there part of November and part of 
December) a good Fire being then in the room , becauſe it was a - 
Snowy day, we foun4J the Quick-filver in the Tube to be above 
the upper ſurface of the ſubjacent Mercury 29 Inches three quar- 
rers. 

If Your Lorpſhip ſhonld now aske me what are the true cauſes 
of this varying altitude of the Mercurial Cylinder, I ſhould nor 
undertake to anſwer ſo difficult a queſtion, and ſhvuld venter to 
ſay no more, thea that among Civers poſſible caules to which ir 
may be aſcribed, it would not be, perhaps, abſurd co reckoa theſe 
that follow, 

Firſt then we may conlider, that the Air in the upper part of the 
Tubeis much morerarefied,&theretore more weak then theExter- 
nall Air,as may appear by this among other things, That upon the 
inciining ofthe Tube, the Quick-filver will readily aſcend almoſt 
to the very top of it, and fo take up erght or nine teath parts, and 
perhaps more of that ſpace which it deſerted before: wluch would 
nothappen, if that whole ſpace had be-n full of unrarefied Air, 
ſince that (as tryal may eafily ſatisfie you) would not have ſufter'd 
it ſelf ro be thruſt into ſo narrow a room by ſo weaka preffure, So 
that alrhough in our Tube when the included Air was heated, the 
Quick-ſilver was ſomewhat depreſl'd; yet there is this difference 
[K 2) | * berwixc 
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betwixt ſuch a Tube and common Weather- Glaſſes, that in theſe 
the included and the ambient Air are in an «Aquilibrium as to 
preſſure, and the weight of the Water that keeps them ſeparate is 
ſcarce conſiderable. Whereas in ſuch a Tube as we are ſpeaking 
of.the Air within,is very much more dilated then that without, And 
*tis not ſo much the ſpring or reſiſtance of the included Air, as the 
weight of the Mercurial Cylinder it ſelf, that hinders the Quick- 
ſilver from aſcending higher: For it we ſhould ſuppoſe that deſer- 
ted part of the Tube perteRly devoid of Air,yet would the Quick- 
filver riſe but alittle higher in ic, and be far from filling ir; in 
regard the outward Air would not be able to impell up ſuch a 
weight much higher: whereas it may, by our former Experiments 
appear, that if all the Air in the upper part of a Weuther-Glaſs 
were away,the Water would be impell'd up to the very top of it, 
though the Pipe were above thirty Foot long, 

We may next confider,that this rarefied Air at the upper part of 
our Tube being exactly (hut up betwixt the Glaſs and the Quick- 
ſilver, it was ſcarce ſubject to any diſcernable alcerations, ſave thoſe 
it receiv'd from heat and cold, 

And we may farther conſ1der, that yet the external Air or Atmo- 
ſphere is ſubjet to many alterations, beſides them that proceed 
from either of thoſe Qualities. 

For the Experiment that occaſion'd this Diſcourſe , ſeems to 
make it p obable enough, that there may be ſtrange Ebbings and 
Flowings, as it were, inthe Atmoſphere, or ar leaſt, that it may 
admit great and ſudden Mutations, either as to its Altitude or its 
Denſity, from cauſes, as well unknown to us, as the effects are 
unheeded by us. And that. You may not think that there is nothing 
in Nature but our Experiment that agrees with this our conjecture, 

we might put Your Lordſhip in min4 of the Pains and Aches that 
are often complain'd of by thoſe that have had great Wounds or 
Bruiſes, and that do preſage great Mutations in the Air often- 
times, whilſt co ſtrong and healthy Perſons no fign of any ſach 
thing appears. And thart is alſo very memorable to this purpoſe, 
which I remember I have ſomewhere read in a Book of the Ingeni- 
: ous 
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ons Kircherws, who giving a pertinent admonition concerning the 
various refraftions that may happen in the Air, relateth, That du- 
ring his ſtay in Malta, he often ſaw Mount «/£tna, though the 
next day, notwithſtanding its being extremely clear, he could not 
ſee itz adding, that Yintemillize, a very Learned Perſon, did often- 
times,from a Hill he names, behold the whole Ifland he calls Zu- 
rica protuberant above the Sea, thoughat other times, notwith- 
ſtanding aclear Sky,he could not ſee it. And though perhaps this 
may bein part aſcribed to the various light & poſition of the Sun, 
or to the various diſpolition of the Spectators eye,or peradventure 
to ſome other cauſe, yet the moſt probable cauſe ſeems to be the 
diftering Denſity ot the Air, occafion'd by Exhalations capable to 
increaſe therefra&tion, and conſequently bring Beams oe Eye, 
which otherwiſe would not fall onic, We have likewiſe,in another 
Treatiſe,mention'd our having often obſerv'd with Teleſcopes 2 
plenty of Steams in the Air, which without ſuch a help would not 
be taken notice of, 8& whch,as they were not at all times to be ſeen 
even through a Teleſcope, fo they did ſometimes,eſpecially aftera 
ſhower of Rain, haſtily diſappear: and when we have viſited thoſe 
places that abound with Mines, we have ſeveral times been told 
by the Diggers,that even when the Sky leem'd clear, there would, 
not ſeldome,ludCcen'y ariſe, and ſometimes long continue,a certain 
Steam (which they uſually call a damp) ſo groſs and thick, that it 
would oftentimes put out their very Candles, it they did not ſea- 
ſonably prevent it. And think it will eaſily be granted, that the 
aſcenſton of ſuch Steams into this or that part of the Air, and their 
mixing with it, are very like to thicken it; as on the other fide ei- 
ther heat or The ſudden condenſation of the Air in another-part-of 
the Atmoſphere (to mention now no other cauſes) are capable of 
rarefying it. | 
Nor will it very muck import the main ſcope of our Diſcourſe; 


whether it be ſuppoſ'd that the copious Steams the earth ſehds in- 


to the air,thicken that part of the Atmoſphere that receives them, 
and make it more heavy: Or that ſometimes the Fumes may a- 
ſcend with ſuch celerity, that though the Air be thicken'd yer 
they rather diminiſh then eacreaſe its gravitation, in regard that 
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the quickneſs of their aſcent, not onely keeps them from gravitas 
ting themſelves, but may hinder the preſſing downwards of ma 
Aerial Corpuſcles that they meet with in their way upwards. This 
I fay, is of no great importance to our preſent Diſcourſe, fince 
either way the Terreſtrial Steam may here and there con(iderably 
alter the gravity or preſſure of the A tmoſphere. 

Your Lordſhip may alſo be pleaſed ro remember, That by our 
ſeventeenth Experiment 1t appear'd, that, as when the Air in the 
Rec- iver was expanded more then ordinarily, the Quick-fitver ia 
the Tube did proportionably ſubſide; ſo when the Air in the 
ſame Receiver was a little more then ordinarily. compreſl'd, it did 
impell yp the Quick-filver in the Tube, above the wonted height 
of betw1xt ftx and even and twenty digits, 

And if to theſe things we annex, that for ought we can hnd by - 
tryals purpoſely made, the degree of rarity or denſity of the Air, 
ſhuc up into our Receiver, doth not ſenſtbly alter irs temperature 
as to cold or heat. It will not, I hope, appear abſurd to conceive, 
That ſince the Air, included in the Tube, could but very faintly 
hinder the aſcent of the Quick-1ilver, or preſs it downwards; Since 
coo, that included Air could ſcarce —_— receive any ſenſible 
alteration, ſave eicher by heat or cold; And.fince alſo, that accor- 
ding tqthe bare denſity ot rarity of the Air incumbent on the ſub- 
Javant Quick: filver in the Veſlel, that in the Tube was impell'd 
more or leſs high; ſuch changes happening in the neighboring 
part of the outward Air, either by the aſcenſion of groſs or copt- 
ous exhalations, or by any other cauſe (of which there may be di- 
vers) as were capable to make conſiderable a!teritions in the cot» 
fiſtence of the Air, as to rarity and denſity, may be able proporti- 
onably to alter the heighth of the Quick-filver. I rarher ſay, that 
ſuch alterations may be,then that they are the cauſes of our Pheno- 
menon: becauſe I think it ſufficient, it I have propoſ'd conjectures 
not altogether irrationall aboat a new Myſtery of.Nature, tous 
ching which, the chief thing I pretend co, 1s to give occaſion to 
the Curious to enquire farther into it, then I have been yer able 
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EXPERIMENT XIX, 


T He ſame Reaſon that mov'd us to conclude, that by the draw- 
ing ofthe Air out of the Receiver, theMercury would deſcend 
ina Tube ſhorter then fix and twenty digits, induc'd us alſo to ex- 
pe, that by the ſame means Water might be broughe to ſubſide 
in Glaſs Tubes of a moderate length: Though by the noble Ex- 
periment, ſaid to have been accurately made in France, by Monſieur 
Paſchal, we areinformed that a Tube of no leſle then about two 
and thirty Foot, was found requiſite to make the Experiment 
De Yacuo ſucceed with Water inſtead of Quick-filver: ſo tall a 
Cylinder of that lighter Liquor, being,it ſeems, requifite to equal 
the weight of a Mercurial Cylinder of fix or ſeven and twenty di- 
gits, 2nd ſurmount the preflure of the Atmoſphere. 

We took then a Tube of Glaſs, Hermetically ſeal'd at one end, 
of about four foot in length, and not very ſlender: This, at the 
open end, we fill'd with common Water, and then ſtopt that end 
till we had inverted the Tube, and open'd it beneath the ſurface of ' 
a quantity of the like Water, contain'd in a ſomewhat deep and 
flender Veſſel. This Veſlel, with the Tube in it, was let down in- 
tothe Receiver, and the Receiver being clo['d up after the accu- 
ſtom'd manner, the Pump was {et on work. 

As much of the event as concerns our preſent purpoſe, wzs 
this, That till a conſiderable part of the Air was drawn out of the 
Receiver,the Tabe continu'd top-full of Water as when it was put 
in, it being requiſite that a great part of the Air, formerly contain'd 
in the Receiver, ſhould be drawa out, to bring the remaining Air 
toan<Equilibrium with ſo ſhort and light a Cylinder of Water. 
But when once the Water began to fall in the Tube, then each 
exſucion of Air made it deſcend alittle lower, though nothing 
near {0 much as the Quick-f11ver at the beginning did in the Ex- 
periment formerly meation'd- _ Nor did there appear ſo much. in- 
equality 


(92) | Y 
equality inthe ſpaces tranſmitted by the Water in its deſcent , as 
there it did in thoſe obſery'd in the tall of che Quick-filyer, of 
which the cauſe will ſcarce ſeem abſtruſe to him that ſhall duly re- 
fle& upon what hath been already deliverd. And whereas we 
drew down the Quick-filver in the Tube ſo far as to bring it with» 
in an Inch of the ſurface of the other Quick-filver into which ic 
was to fall; the loweſt we were able to draw down the Water was, 
by our conjecture, to about a Foot or more above the ſurtace of 
thatin the Veſſel; of which I know not whether it will be need- 
full to aſſign ſo obvious a cauſe as that, though the little Air re- 
maining in the Receiver could not hinder a Cylinder of above an 
Inch high of Quick. ſilver from ſubſiding; yer ic might be very 
well able, by its preſſure, co countervail the weight of a Cylinder 
of 2Foot long or more, of a Liquor ſo much: leſs ponderous then 
Quick-filver, as Water is. And ia fine, to conclude our Experi- 
ment, when the Water was drawn down thus low, we found, that 
by letting in the outward Air, it might be immediately impell'd 
up again to. the higher parts of the Tube. 

We will adde no more concerning this Experiment, ſave that 
 havingtry'd it in one of our ſmall Receivers, we oblerv'd, That u. 

pon the firſt exſution of the Air the Water did uſually ſublide 
divers Inches, and at the ſecond (ex(uftion) fall down much low- 
er, ſubliding ſometimes near two Foot; as alſo thatupon the let- 
ting inof the Air from without, the Water was impell'd up with 
, very great celerity. 
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EXPERIMENT XX. 


. Bat the Air hath a notable Elaſtical power (whenceſoever that 

proceeds) we have, I (uppoſe, abundantly evinc'd, and it be- 
gins to be acknowledg'd by the eminenteſt Modern Naturaliſts, 
But whether or no there be in Water ſo mach as a languid one, 
ſeems hitherto to have been ſcarce confider'd, nor hath been Je, 
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ought I know, dc termin'd either way by any Writer, which invi- 
red us to make the following Fxperiment. 

There was taken a great Glaſs-bubble, with a long neck; (ſuch 
as Chymiſts are wont to call a Philoſophical Egge) which being 
611'd with common Water till the Liquor reach'd abour a ſpan a- - 
bove the bubble, anda piece of Paper being there paſted on, was 
putunſtop'd into the Receiver, and then the Air was ſuck'd our 
after the wonted manner. Theevent was this, That a coaſiderable 
part of the Air,pen'd upia the Receiver, was drawn out, before we 
diſcern d any expanſion of the Water; but, continuing the labour 
of pumping, the Water manifeſtly began to aſcend in the ſtem of 
the Glaſs, and diverſe bubbles looſening themſelves from 
the lower parts of the Veſſel, made their way through the Body 
of the Water, to the top of ir, and there brake into the Receiver: 
Ard after the Water once appear'd to (well, then at each time che 
Stop-cock was turr'd tolet out the Air from the Receiver into the 
Pump, the Water in the Neck of the Glaſs did ſuddenly riſe a- 
bout che breadth of a Barly-corn in the Neck of the Glaſs, and ſo 
attain'd, by degrees, to a conſiderable height above the mark for- 
merly.mention'd, And at length (to make the expanſion of the 
Water more evident) the outward Air was ſuddenly ler in, and 
the V Vater immediately ſubſided and deſerted all the ſpace it had 
newly gain'd in the Glaſs. 

And, on this occaſion, it will not perhaps be amifs to acquaint 
Your Lordthip here (though we have already mention'd it in a- 
nother Paper, to another purpoſe) with another Expedient that 
we made uſe of two or three years ago, to try whether or no Wa- 
ter had a Spring init. About that time then, That Great & Lear- 
ned Promoter of Experimental Phijoſophy Dr, W:lkizs, doing 
me the Honor to come himſelf, and bring ſome of his inquiſitive 
Friends ro my Lodging, we there had in readineſs a round and hol- 
low Veſlel of Pewter, great enough to contain two pounds of 
YVarer, and exatly cloſe every where, but at one litcle hole 
where it was to be fill'd; then partly by ſucking out the Air, and 
partly by injecting V Vater with a Syringe, it was (not without 
| CL) ſome 
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ſome difficulty) fill'd up to the top; and that hole being plac'd 


diretly upwards, there was a little more Water leiſurely forc'd 
in by the Syringe. Upon which, though the Veſſel were permit- 
red to reſt, and the hole kept in irs former poſturzz yer the com- 
preſſ'd Water leiſurely ſwell'd above the Orifice of the hole, and 
divers drops ran over along the ſides of the Veſſel . Afcer this we 
cauſd a skilfull Pewterer (who had made the Globe) to cloſe ir 
up in our preſence with Soder ſo exquiſitely, that none ſuſpeRed 
there ws any thing left in it beſides Water. And laſtly, the Veſ- 
ſel thus ſoder'd up, was warily and often ſtruck in diverſe places 
with a Wooden Mallet, and thereby was manifeſtly compreſÞ'q, 
whereby the incloſed Water was crouded inco leſs room then ic 
had before: And thereupon we took a Needle, and with it and the 
Mallet perforated the Veſlell, and drew out the Needle again, the 
Warer (but in a very ſlender Stream) was ſaddenly thrown after 
it into the Air, to the height. of two or three Feer. As for the 0+ 
ther Phenomena of this Experiment, ſince they belong nor co our 
preſent purpoſe,and are partly mention'd inanather ot our Papers, 
we ſhall, inſtead of recording them here, give this Advertiſement: 
T hat as evidently as this Experiment, and that made in our Recei- 
ver, ſeem to prove a power in the Water to expand and reſtore ix 
ſelf atter compreſſion; yet for a reaſon to be met with ere long, 
I judged it not ſafe, to infer that Concluſion from theſe Premiſes, 
till I had made ſome ofthe following tryals, to the mention of 
which I will therefore baſten, 


_—_— P—"I—_ lit. a 


— — 


EXPERIMENT XXI. 


T O diſcover whether the Expaaſion of the, Water really pro« 
| ceeded from an Elaſtical power in the parts of the W ater it 
ſelf, wethoughr it requificerotry two _ The one, Whether 
or no the Attnoſphere gravitates upon Bodies under Water, and 
the other, Whether in caſe it do pravitate, the Iatumeſcence of 
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the Water may not beaſcribed to ſome ſubſtance ſubcler then ir 
ſelf, reſiding init. In order to the ſatisfying my ſelf abour the 
firſt of theſe, I intended to let down into the Receiver a Veſlel of 

' Water, wherein ſhould be immerſ'd a very ſmall oyl1'd Bladder, 
almoſt devoid of Air, but ſtrongly ry'd up at the Neck with a 
ſtring, and deraind a little under Water by ſuch a weight faſten'd 
to that ſtring, as ſhould juſt be able to keep the Bladder trom 
ſwimming, and no more, For I ſappoſ'd, that it whea all things 
were thus order'd, the Receiver were empty'd, in caſe there were 
any ſuch preſſure of the Armoipherevpon W arter,as I was inclind 
to believe, the Air within the Bladder, being upoa the exſuction 
ofthe Air within the Receiver, freed from that preſſure, and be- 
ing prefl'd onely by the ſmall weight of che incumbent Water, 
would conſiderably expand it ſelf; but whilſt we were preparing 
Bladders for this Experiment, there occurr'd an eaſe way tor the 
making at once both the Diſcoveries I deftr'd. 

We took then a Glaſs Viol, containing by gheſs a pound and 
ſome ounces of Water, this we fill'd top tull, and then we put into 
the Neck of it a Glaſs Pipe a pretty deal bigger then a Gooſe 
Quill, open at both ends, and of diverſe Inches jn length: One 
end of this Pipe was ſo put into the Neck of the Vial, as toreach 
alittle below it, and then was caretully cemented thereto that no 
Air might get into the Viol, norany Water get our of it, other- 
wiſe then through the Pipe; and then the Pipe being warily fiil'd, 
about half way up to the top, with more Water, any a mark being 
paſted over againſt the upper ſurface of che Liquor; the Viol 
thus ficted with the Pipe, was, by ſtrings let down into the Recei- 
ver, and according to the wonted manner exquiſitely clo(*d up ia 
It. 

This done, we began to Pump out the Air, and when a pretty 
quantity of it had been drawn away, the V Vater inthe Pipe be- 
anto riſe higher in the Pipe, at the ſ1des of which ſome litcle bub- 
bles diſcover'd themſelves. After a little while longer, the V Va- 
ter ſtill ſwelling, there appear'd at the bottom of the Pipe a bub- 
ble about the bigneſſe ot a ſmall Pea, which aſcending through che 
CL 3] -Pipe 
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Pipe to the top of the Water, ſtai'd there a while and then broke; | 


but the Pump being nimbly ply*d,the expanſion of the Water ſo 
encrea(*d, that quickly, getting-up to the top of the Pipe, ſome 
drops of it began to run down along the our-fide of it, which ob- 
lig'd us to forbear pumping a while, and give the Water leave to 
ſubſide within leſs then two Inches of the bottom of the Pipe. 
After this the Pump being again ſet on work , the bub» 
bles beganto aſcend from the bottom of the Pipe, being not all 
of a ſize, but yet ſo big, that eſtimating one with another , the 
appear'd to be of the f1ze of the ſmaller ſort of Peas; and of theſe 
we reckon'd about ſixty which came up one after another, beſides 
ftore of ſmaller ones, of which: we made no reckoning: And at 
length,growing weary of reckoning and pumping too (becauſe we 
found, that it ſpight ofall our pains and induſtry, ſome undiſcern'd 
Leak or other in the Receiver hinder'd us from being able to emp- 
ty it alcogether) we thought fit to deſiſt for that time, atter trya) 
made of whar operation the external Air, being let in upon 
theexpanded Water, would have; and accordingly turning the 
Key tolet in the Air, we ſaw, as we expected, that the Water 
in the Pipe in a moment fell down almoſt to the bottom of 
it « 

Now of this Experiment there are two or three Circumſtances 
yet to be mention'd, which are no eſs, then thoſe already recited, 
pertinent to our preſent purpoſe, 

In the firſt place then, when the greater part of the Air had 
been pump'd out of the Receiver, the rifing bubbles aſcended (o 
very {lowly in the Pipe, that their Progrels was ſcarce diſcerna- 
ble; which ſeem'd to-proceed from this, That their bigneſs was 
ſuch, That they could nor ſufficiently extend themſelves in the 
cavity of the Glaſs , without preſſing on both hands againſt the 
fides of it, whereby they became of more difficult extruſion to 
the Water. And though it may ſeem ſtrange that theſe bubbles 
ſhould be of any conſiderable bulk, ſince 'tis: like they conſiſted 
of leſſer parcels of the Air lurking in the Water, then thoſe 
that were vigorous enoughto make their way through, long _ 
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- them: yet they were commonly much larger then before, ſome of 
them being equal in quantity to four or five Peas: whether this 

their increaſe of bulk proceeded from the greater decrement of the 

preſſure of the Air, or from the Union of two or three of thoſe 

numerous bubbles which were then generated below the bottom 

of the Pipe, where we could not ſee what was doneamong them. 

Another thing we noted in our bubbles was, That whereas in 
ordinary ones the Air, together with the thin film of Water that 
inveſts and derains it,is wont to ſwell above the ſurface of the Wa- 
ter it {\wims on, and commonly to conſticute Hemiſpherical Bo- 
dies with it;the little parcels of Air that came up after theReceiver 
was _ well empty'd, did not make protuberant bubbles, buc 
ſuch whoſe upper ſurface was either level with, or beneath that of 
the Water, fo that the upper ſurface being uſually fomewhar 
convex, theleſle protuberant parts of it had a pretty quanticy of 
Water remaining above them. 

We alſo farther obſery'd, that whereas in the bubbles that firſt 
appear'd in the Pipe, the aſcending Air did, as in other common 
bubbles, make its way upwards, by dividing the V Vater through 
which it paſl'd , in thoſe bubbles that appear'd at the latter 
end of our Experiment , when the preſſure of the little ex- 
; tern] Air, remaining inthe Receiver, was grown inconſiderable, 
| the aſcendipg parcels of Air having now little more then the 
weight ofthe Incumbent Water to ſurmount, were able both fo 
to expand themſelves as to fill up that part of the Pipe which they 
pervaded, 8& by preſling every way againſt the ſides of ir, to litt 
upwards with them what Water they found above them, with- 
out letting any conſiderable quantity glide down along the ſides 
of the Glaſs: So that ſometimes we could ſee a bubble thruſt on 
before it a whole Cylinder of Water of perhaps an Inch high, and 
Carry it up to the top of the Pipe; though as we formerly no- 
ted, upon the letting in the external Air, theſe tumid bubbles ſud- 
denly relapſ'd to their former inconſpicuouſneſls. 

All theſe things laid rogether ſeem'd ſufficiently to confirm 
that, which the conſideration of the thing it felt would eafily 
| LO, [L 3] enough. 
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enough perſwade, namely, That the Air, and ſuch like Bodies bs 
ing under V Vater, may be preſſ'd upon as well by the Atmos 
ſphere, as by the weight of the incumbent V Vater it ſelf. 

Hence likewiſe we may verifie what we obſerv'd at the cloſe of 
the foregoins Experiment, namely, That from the ſole (welling 
of V Vater there recorded, it cannot be ſo ſafely concluded, that 
V Vater, when freed from compreſſion, is endow'd with an Elaſtj- 
call power of expanding it ſelf: ſince thereby it appears that the 
Intumeſcence produc'd by that Experiment , may (at leaſt in 
creat part) be aſcribed tothe numerous liccle bubbles which are 
wont to be produc'd in V Vater, from which the preſſure of the 
Atmoſphere is in great meaſure takeh off. So apt are we to be 
miſ-led, even by Experiments themſelves, into Miſtakes, when 
either we conſider not that moſt Effets may proceed from vari- 
ous Cauſes, or mind onely thoſe Circumſtances of our Expert- 
ment, which ſeem co comply with our preconceiy'd Hypotheſis or 
ConjeQares. 

And hence it ſeems alſo probable, that in the Pores or inviſible 
lictle receſſes of V Vater it (elf there lie commonly interſperſd 
many parcels of either Air,or at leaſt ſomething Analagous there- 
unto, although ſo very (mall, that they have not been hitherto ſo 
much as ſuſpeRed to lurk there. Burt if it be demanded how it 
appears that there is interſperſ'd through the Body of V Vater any 
ſubſtance thinner then it ſelf, and why that which produc'd the 
bubbles above mention'd ſhoald not be reſolutely ſaid to be 
nothing elſe then a more a&tive and ſpirituous part of the V Vater, 
we ſhall, in order to the Elucidation of chis matter, ſubjoyn to 
what was formerly deliver'd the following Experiment, 
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EXPERIMENT XXII, 


E recited inour ninteenth Experiment, how by Jroniag 
moſt of the Air out of the Receiver,we made the V Vater 
ſubſide 


V 


pad ws ADJ a oaS a oo ..-. .- p—_— -_ a. a =» 


= — 


Www RT HT © %Y © ww Ft i fd 


S 
x 
e 


(59) 


ſubſide by degrees in a Glaſs not four Foot long: We ſhall now 


adde, that in the like Experiment made in ſuch a Tube, or a grea- 
ter, it may beobſerv'd, That when the Water begins to fall, there 
will appear ſtore of bubbles faſten'd all along to the fides of the 
Glaſs, of which bubbles, by the agitation ofthe Veſſel conſe- 
quent upon pumping, there will ariſe good numbers to the top of 
the Water, and there break and as the Cylinder of Water 1s 
brought to be lower and lower, ſo the bubbles will appear more 
numerous in that part of the Tube which the Water yet fills; and 
the nearer the ſurface of the Water, in its deſcent, approacheth to 
theſe bubbles, the greater they will grow, becauſe having the leſs 
weight and preſſure upon them, the Expanſion of that Air which 
makes them, can be the leſs reſiſted by rhe preflare of the incum- 
beut Water and Air; as ſeems probable from hence, that upon the 
ktting in alittle externall Air, thoſe bubbles immediately ſhrink. 
It may indeed, as we lately intimated, be conjeRur'd, that theſe 
bubbles proceed not ſo much from any Air pre-exiſtent in the 
Water,and lurking inthe Pores of ir, as from the more ſubtle parts 
of the Water it ſelf; which by the expanſioa allow'd them upon 
the diminuh'd preſſure of the ambient Bodies may generate ſuch 
bubbles. And indeed, I am not yet ſo well ſatisfied that bubbles 
may not (at leaſt ſometimes) have ſuch an Origination: bur that 
which makes me ſuſpe& that thoſe in our tryals coatain'd real Air, 
tormerly latirant in the Pores of the Water, is this, That upon 
the inletting of the External Air, the W ater wzs not again im- 
pell'd to the very top of the Tube whence it began to fall, but was 
ſtopt in irs aſcent near an Inch beneath the top. Aad ſince, if the 
upper part of the Tube had been devoid of any other then ſuch 
Ethereal matter as was ſubtle enough freely to penetrate the pores 
of the Glaſs, the external Air would have been able to impell the 
Water to the top of a Tube ſeven or eight times as long as ours 
was; The Phenomenon under confideration ſeem'd manifeſtly ro 
argue, that the many bubbles that broke at the top of the Water, 
did contain a real Air, whuch being colleRed into one place, and 
hinder'd by the top of the Glaſs from receding, was able to _ 
ſtan 
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ſtand the preſſure of the outward Air. As we ſee that if neverſy 
little Air remain in the Tube upon the making the Experiment 
De Yacuo with Quick-filver, no inclining of the Tube, (chougha 
long one,)will enable a Man to impell the Mercury up to the very 
top, by reaſon (as we formerly noted) of the reliſtance of the in- 
cluded Air, which will not be compreſl*d beyond a certain de- 
recs | 

_ But in order to a farther Diſcovery what our bubbles were, we 
will, on this occaſion, inform Your Lordſhip, that we try'd the 
X IX Zxperiment in one of our ſmall Receivers, and found, that 
upon the drawing down of the Water, ſo many bubbles diſcloſ'd 
themſelves, and broke into the upper part of the Tube, that having 
afterwards let in the external Air, the Water was not thereby im» 
pell'd to the top of the Tube (three Foot in length) within a lictle 
more then halt an Inch. And whether or no it were Air that pol- 
ſeſſ'd that ſpace at the top of the Tube which was nor fill'd with 
Water, we took this courſe to examine. We drew the ſecond time 
the Air out of the Receiver, and found, that by reaſon of the body 
that poſleſl'd the top of the Tube, we were able not onely to 
make the Water in the Tube fall co a level with the ſarface of the 
Waterin the Veſſel; Butalſo(by plying the Pump alittle longer) 
a great way beneath it: which,fince it could not well be aſcrib'dto 
the bare ſubſiding of the Water, by reaſon of its own weight, ar- 
gued that the Water was depreſſ'd by the Air: which was cons 
firm'd by the Figure of the ſurface of the Water in the Tube, 
which was much more concave then that of Water in Tubes of 
that bigneſs uſeth to be. And this farther tryal {to adde that upon 
the by ) we made at the ſame time, That when the Water in the 
Pipe wss drawn down almoſt as low as the Water without it, we 
oblerv'd, that (though we defiſted from pumping ) by the bare 
application of a hand moderately warm to the deſerted part of the 
Tube, the remaining Water would be ſpeedily and notably des 
prefl'd. And having for a while held a kindled Coal to the out- 
{ide ofthe Tube, (the Pump being ſtill unimploy'd, becauſe the 
Veſlel chanced to hold extraordinarily well) the Air was by 
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heat fo far expanded, that it quickly drove the Water to the bot- 


rome of the Tube, which was diverſe Inches beneath the ſurface 
ofthe ambient Water. Whereby ic appears (by the ſame way by 
which we formerly meaſur'd the dilatation of the Air)that the Air, 
even when it is expanded to between go and 100 times its extent, 
will yet readily admir of a much tarther raretaQtion by hear. 

I conſ1der'd alſo that in caſe the Bubbles we have been ſpeaking 
of, were produc'd by the parcels of Air latitant in the Water, that 
Air being now got together to the cop of the Tube, though the 
Air were again Jrawn out of the Receiver, the raking off its prel- 
ſure, would not. diſcloſe bubbles as before ; and accordingly, 
the Air being again pump'd out, the Water in the Tube deſcen- 
ded as formerly: but-for a great while we ſcarce ſaw one bubble 
appear, onely when the Receiver had been very much exhauſted, 
and che Water was fallen very low, there appear'd near the bottom 
of the Tube, certain little bubbles, which ſeem'd co conſiſt of 
ſuch parcels of Air as had not, by reaſon ot their ſmalneſs, got up 
to the top of the Water, with the more bulkie and vigorous ones. 


| And that which is not inconſiderable, is, That having , by letting 


inthe Air, forc'd up the Water into the Tube, we could not 
perceive that it aſcended near the top , though we per- 
mitted the Engine to remain unimploy'd tor two or three Nights 
together, and watch'd whether the Water would ſwell up 
and fill the Tube. And on this occaſion I remember, that having 
ery'd ſuch an Experiment as this with Quick: filver in ſtead of 
V Vater, in a Tube of about a Foot and a half long, where ir 
might ſeem more hopeful to eſcape bubbles; yet upon the drawing 
down the Quick-{ilver as low as wecould,& letting inthe external 
Air upon it, we found that ſome lurking particles of Air were got 
up to the top of the Tube,& hinder*d the Quick-filver from being 
forc'd up again ſo high, And though the Quick-filver were by 
this means brought to appear a very cloſe and lovely Metalline 
Cylinder, not interrupted by interſperſ'd bubbles as betore; yer 
baving cau\'d the Air to be again drawn out of the Receiver, I 
could perceive ſeveral lictle bubbles co diſcloſe themſelves, faſten'd 
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10 theinfide of the Tube, near the bottomofit; and having puts. 
poſel y watch'd one or two of the chieteſt, I had the pleafareroob-- 


ſerve, that though they grew bigger and bigger 2s the ſurface of 
the Mercurial Cylinder fell nearer and nearer to them, fo as that 
at length they ſwell'd into a con{picuous bulk; yer upon the wa- 
ry letting in the Air upon them, they did not break; bur preſently 

runk up into alittleneſs that render'd them inconſpicuous, 

Whence it ſeems very probable, 1t not certain, that even inthe 
cloſeſt and moſt ponderous Liquors, and theretore much more in 
Water, there may lurk undiſcernable parcels of Air, capable;upon 
the removal of the preſſure of the ambient Air(though bur in part) 
and thar of the Liquor wherein it lurks, [to produce conſpicuous 
bubbles. And conſequently, it it feem inconvenient-to admit an 
Elaſtical power in the Water, it may be- {aid that the ſwel- 
ling of the comprefl'd Water inthe Pewter Veſſel lately menti- 
en'd, and the ſpringing up of the Water at the hole made by the 
Needle, were not the eftedts of any internal Zlater of the Water, 
but of the ſpring of the many little particles of Air diſperſ'd 
through chat Water, and aRing upon it in their ſudden recove- 
ring themſelves to a greater extent, then that ro which a violent 
compreſſion had reduc to them, 


But though, from all theſe particulars, it ſeems manifeſt that 
the bubbles we have been all this while treating of, were produc'd 
by ſuch a ſubſtance as may be properly enough call'd Airy yer till 
we ſhall have had the opportunity of making ſome farther tryals 
concerning the nature of the Air, we ſhall not reſolutely determine 
whether or no Air be a Primogenial Body (if I may fo ſpeak)that 
cannot now be generated or turn'd either into Water or any other 


Body. Yet inthe mean while( becauſe it is an important Queſtion, 


and itrightly determin'd, may much conduce to the knowledge ot 
the nature of the Air) we think it not unfit to make a brief 
mention of ſome of the particulars which at preſent occur to our 
thoughts in favor of either part of the Queſtion, he” 
ir 
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-Firſt:then, diverſe Naturaliſts eſteem the: Air (4s well. as'othier 
Elements)ro be ingenetable and incorruptible. And reaſons plau. 

ſible enough may be drawn to countenance this Opinion from the 
conſideration of that permanency that ought to belong to the cor- 
poreal-Principles of other Bodies, e511 

'Next, Experience may be pleaded to the ſame purpoſe, for I 
haveread of fome who in vain attempred to tutn Airinto V Varer, 
or V Vater into Air. 

The diligent Schottws tells us, that amongſt other rarities to be «.;,,,; 
met with in that great Repoſitory of them, the Huſeum Ker- Iechon 
cherianum, there is a round Glaſs with a capering Neck near half?)3 a 
full (as-one may gueſs by the Scheme he annexeth) of ordinary pars ;. 
Spring-warer, which having been Hermetically ſhuc up chere by Clair. 
Clawius the famous Geometrician, the includedwater is to this 
day preſerv'd, not only clear and pure, as it it were but newly pur 
in: But (as ic ſeems) without (in The leaſt) turning into Air, not- 
withſtanding its having been kept there theſe fifty years: For he 
tells us, That the Water hath contiaued there all this while with- 
out any diminution. 

Nor doth it appear in thoſe Glafles, which for Chymical Ex- 
periments we uſually cloſe with Hermes his Seal (as they call ic) 
that the incladed Air doth, during its 'long Impriſonment, not- 
withſtanding the alteration it receiveth trom various. degrees of 
heat, difcernably alter its nature. Wherezs we plainly perceive in 
our Digeſtions and Diſtillations,that though Water may be rare- 
fied into inviſible Vapors,yet ic is aoc really chang'd into Air, but 
onely divided by heart, and f(catter'dinto very minute parts, which 
meeting together inthe Alembick or in the Receiver, do preſent- 
ly return into ſuch Warer as they conſtituted before, And wealſo 
ſee, that even Spirit of Wine, and other ſubtle and fugitive Spirits, 
——_—y ealily fly into the Air, and mingle withit,. do yeriia 
the es-of Chymiſts eafily lay alide thediſguiſe. of Air > and 
reſame the-diveſted form of Liquors. And\ ſovolatile: Saltszas 
dt Urine, Hares: hom; G4. rbough chey'will readity diſperſe 1bem- 
ſelves through the Air, and play up and down in the capacity of an 
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Alembick or a Receiver: yet will they, after awhile, faſtenthem- 
ſelves to'the-infides of ſuch Glaſſes in the form of Salts. ] 

Beſides, fince Air is confeſſedly endow'd with an Elaſtical pow- 
er that probably proceeds from its Texture, it appears not, what 
it is,that in ſuch l;ght alterations of V Vater, as -are by. many pre» 
ſam'd. capable of rurning it into Air, can be reaſonably ſuppoſ'd 
ſo to contrive the Particles of V Vater, as to give them, (and that 
permanently,) the ſtruQure requiſite to a Spring. I adde the word 
Permanently, becauſe the newly mention'd obſervations ſeem to 
argue the Corpuſcles of Air to be irreducible into V Vater, where- 
as the Aqueous ' Particles may perhaps for a while 'be ſo vehe- 
mently agitated, as to preſs almoſt like Springs upon other Bo- 
dies; yet upon the ceaſing of the agitation, they quickly, by re- 
l-pling into V Vater, diſcloſe themſelves to have been nothing 
elſe whilſt they counterfeired thg Air, | 

Laſtly, The Experiment fottnerly made in our Engine with-a 
piece of Match, ſeems to evince, that even thoſe light-and ſabele 
Fumes (for the moſt part not aqueous neither) into which the Fire 
it ſelf ſhatters dry Bodies, have no ſuch Spring in them as the Air 
ſince they were unable to hinder or repreſs the expanſion of the 
Air included in the Bladder they ſurrounded. 

I remember indeed that the Learned Foſephus Acoſta, in his 
Hiſtory of the Weſt Indies, tells us, That he ſaw 1n thoſe parts 
ſome Grates of Iron ſo ruſted and conſum'd by the Air, that the 
Metal being prefſ'd between the Fingers,difſolv*d(to uſe his words) 
to powder, as if it had been Hay or parched Straw. And I re- 
member too, that the accurate Yarenivs tells us, That in the IC 
lands commonly called Azores, the Air (and Wind) is ſo ſharp, 
that in a ſhort time it frets not onely Iron Places, but the very 
Tiles upon the Roofs of Houſes, and reduceth them to duſt. And 
I haveelſewhere mention'd {ome recent Obſervations of this kind; 
But ic may befaid, That the above mention'd Authors aſcribe the 
recited efteRs chiefly to'the Winds, and that, however the. cor: 
rofton of the Iron andthe Tiles may proceed nor from the: Air it 
{:1f, or any of its genuine parts, but from ſome ſaline Gorpuſcles 
_ diſperſd 


fo > > + 3 —— San I 8 > * www TY WE. OP 


(8PF 
diſperſd through the Air,” and driven by the Winds againſt the 
Bodies it is preſum'd to fret... Arid that ſuch volatile Salts may 
copiouſly aſcend into the Air, and yet retain their Nature, as doth 
the more fixt Salt in the Sea Water, the ſublimations of Sal- Ar- 
moniack may ſufficiently evince, 'Not'ts mention; tharl have 
ſhown ſome Friends a fecret kinde of ſaline Subſtance incompara- 
bly ſubtler then Sal- Armoniack,which did not onely eafily enough 
aſcend it ſelf, but carried up with it (and that in a very great pro- 
portion) the ſolid and ponderous Body even of uncalcin'd Gold 
in the form ofſubtleexhalations,which did afterwards faſten them- 
ſelves to the upper parts of the Veſlels, 8& yet manifeſt themſelves 
to continue Gold, We remember alſo, that to try whether Wa- 
ter could be turn'd into Air, we once took an </£olrpile, into which 
we had before convey'd ſome Water, and placing it upon kindled 
Coals when the hezr forc'd out a vehement ſtreame of 'aqueous 
Vapors; we. ty!d about the'Neck of it, that of a Bladder; which 
we had before empty'd of / ir; and finding the .,£olipite after a 
while to blow up the Bladder, we carefully ty'd ir again that the 
included ſubſtance might not get away. T hen ſlipping it off from 
the «£olipile-we.convey'd.jtinto our Receiver, to try'whether or 
no that wick io part Giftendeg} the Bladder would appear: by -its 
Spring to be-true' Air: wherebywe found'that nponitheexfuRion: 
ot the ambient Air, the included fubſtancerexpanded itſelf and the 
Bladder, to a very much greater bulk then ir was of before. And 
for farther ſatisfation , having zgain taken our the Bladder, we 
fuffer'd it ta remain ty'd up £1}} next!morning, to/try! whether: 
time, and the coldnefs. of the night, would make the conrain'd ſub= 
ſtance relapſe into Water : But the next Morning we found it 
little leſs tumiid then before, I remember, I ſay, that I once made 
this Experiment; but I might ſay in anſwer coir, that the chief 
reaſon-of my- mentioning! it:,/is,> /To-let' Your Lotdſhipifee, 
how requiſite it is to-be circumſpeRt andconſiderate, when weare: 
to make and to build uponnice Experiments. ! For though-Ima 
ſeem to bave uſed ſufficient caution, pet afterward confideting wit 
my ſelf that the Z&olipile I had imploy'd was.a-very-large one, and 
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that ft required much, more care. then; one"that Hath not try'd it 
would imagine, todriye out all the Air from a large £otipele, | 
ealtly ſuſpeRed that the diſtenſion of tbe Bladder 1n our pneuma- 
tical Veſlel ,, might proceed not from the Watery ſteams that 
came aut-at the narrow -;moygeh of the; e/Z#ipiie; and:had- very. 
much wetred:the Bladder, but from che rarefied Air which in that 
ſort of Veſſels is wont fot 4 g00d while togetber co-come out with 
the rarefied Water: and accordingly having reiterated the Expe- 
r1ment, I foundit very difficult (by reafon of the ſhrinking ot che 
Bladders (upos thei being heated) and at other impediments) 'to 
make 1t ſqaccurately as tadedace from it, that Water may be ta- 
refied intocrue Aire: © i Gt on 00?» _ 

Againſt the ' other tour above mention'd: Conſiderations , 
wecarinot ſpend time'to frame Objections, but muſt forthwith 
proceed to the;mention of thoſe things that ſeem. to argue” thar 
Air (at leaſt ſuch as produc'd: our bubles)); may.be generated of 
Water and other Bodies, {uy 4977 47 

Firſt then we hayefouhd by Experience that a'vapid Air, or 
Waterrarefted-intq vapor,.- may at; leaſt for a while emulate the 
elaſtical power of that which is ;generally acknowledg'd to be true 
Air... For-ih you take 3-800tt«£9/7pile, with a-moderately Rtrong 
and flender. Neck, and filling is with: Water, lay itupon'quick 
Coals; you may-after a while obſerve ſo great a preſſure by ſome of 
the parts contain'd in the e/£olipile upon others, that the Water 
wHl ſometimes be thrown up into the Air above three, or four 


Eobt high; and if you thentakethe &0/ipile almoſt red hot from | 
off the Fire, you may perceive that the Warer will for a longer 


tmethen one would eafily:imagine continue'to be ſpouted out in 
a violent Stream, And it there remains bur little Water in the 
E&olipile when ts taken very hot from the Fire, immerſing the 
 Negkptitinto cold Water, ye will find: that atterit begins/t& 

ſvck-in (ome Water, 'there wilt be! made fromrtime:to tine ſtore 
oflarge;/bubblesin' that. Water arherein the: Neck was phanged! 
Which, bubbles ſeem maniteſtly:to: proceed from hence, that for# 
while zbe heat. io the; .6a/ipiletqntinnes ſtrong enough to rarete 
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part of the Water that is ſack'd in, andexpellitin the form of Vas 
pors througtiche Water incumbent omithe-Pipe: - It zſo-whenthe 
eolipile is almoſt full of water,'and therefore can contain bur lir» 
tle Air; you hold a Coal or Brand in that ſtream of Vapors that 
iſſues out of the narrow mouth of it, you will find this yapid or 
rorid Air, (ifI may ſo call it)\co-blow the Fire very ſtrongly, and 
with a roaring noiſe. And that it be not (aid chat ris by the exter- 
nal Air which the aqueons ſteams drive before them , and not by 
the Steams themſelves, that the Blaſt is made and the Flame exci- 
red; it hath been obſerv'd, that by approaching the Coal or Brand 
almoſt to the mouth of the <&olzpile, the wind appear'd more ve- 
hement, then if the: Body: to be kindled were held ſome Inches 
oft. 

But inregard the elaſtical power ofthe Stream, iſſuing out of an 
Kolipile, ſeems manifeſtly due to the hea that expands and agi- 
tates the aqueous Particles whereof that Stream conſiſts, and that 
ſuch rapid winds ſeem to be'bar water fcatter'd into little parts and 
ſet a moving, ſince we find, that holding a Ktiife, or-any ſolid, 
ſmooth, and cloſe Body againſt the ſtream char iſſues our of the 
eolipile, the vapors condenfing upon it, will preſently cover it 
with water: It will be very pertinent to ſubjoyn a notable Expes» 
riment that I remember Thave:met with inthe de'cription given 
vs by the Induſtrious Kircher, of ſeveral -Mafical Engines. And 
(though it may ſeem ſomewhat prolix) we will recite what he de» 
livers in his own words, Which are theſe, 


Cum todem tempore quo hec ſcripſi, ſummi Pont: Innocentii Xi x;:ch; 411, 
mandato organt hydranliciin horto Onirinaliconſtituendi cura nwhy eg:con: 


. h 'COMJESTSONAT 4 mg 
commendata eſet, Aoliam cameram inſieni [ant ſucceſſu conſt; or "4 _ 
juſſimus, ea que ſequitur ratione. | *% ook 


Erat longitudo ſrue altitudo camere AH 5 Pedum, Latitudine 3 
fert ex lateribus conſtrut#a; in medio duo tenebat Diaphragmata 
CD & EF in modum eribri pluribys foraminibus pertuſ. Panlo ere. 
infra canals G aquam advehens inſerebatur in H ads epiſtomium 
parabat exitum, Aqua tlaque per canalem G' maximo impetu ruens 
vehementeſumum venium mox inins evcitabat; qui ventus nimia 
wy | | bumiditate 
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humiditate imbaius, ut purtor :exiret ficciarg » Diaphragmata ills Fr 


cribnt eneduin perivſa, ordinats ſunt. Intrahec enim aque vehemens 
agitatit rupta fractag, Aerem puriorem per A canalem ſubtilioremg, 
emittehat:Verum cum poſtea inventum fit Aerem plus equo humidun 
interioribus Organi meatibus maximum detrimentum anferre; Hing, 
#t Aer aquoſus ſicciſimamconſiſtentiam atquireret,ordinavimus ca- 
nalem plumbeum QR in helicems contortum aſi S aliquantulum ce 

aciors in modum Urne tfformato, inſertum. Intra Urnam enim 

lumbeam & canalem tortuoſum illiſus Aer humidus, ita ab onsni 4 
quoſitate def <cabatur, ut ex furno in Organum derivatus dici potue- 
' rit, Urna S canalis tortuoſs Q R wliineum orificium T. inſeritar 
anemothece organi. Et hunc modym: organs hydraulics omniun 
eptiſſimum reperi- | 
| . Debet autem camera illa ſuluari in loco quantum fieri poteſt ſicciori, 
3ta ut lon;0 canali aqua intra eam derivetur, ne locus humiditate ſui 
Organis offtciat. e=1-ig 

Thus tar the Ingenions Xircherzs, whom I: the rather cite, be- 

cauſe although I haye been. informed ;of diverſe Ventiducts (as 
they call them) by very knowing Travellers that have obſerv'd 
them: yet this relation of our Author being very punQual, and 
deliver'd upon his own particular Experience, hath I confelle, 
made me wiſh I had had the good fortune when I was at Rome, to 
take notice of theſe Organs; or that I had now the opportunity of 
examining of fach an Experiment, For if upon a ſtrict enquiry 1 
ſhould find that the breath that blows the Organs doth not on 
upon the ceaſing of its unuſual agitation by little and little relapſe 
into Water, I ſhould ſtrongly ſalpect chat 'ris poſſible for Water 
to be ealily turn'd into Air, Icemember indeed, that we have for- 
merly taught, that there lurks an, interſperſed Air in the pores of 
ordinary Water, which may poſſibly be ſtruck out by the brea- 
king of the Water in its fall into the Zolian Chamber, (as he 
calls it.) Bur in regard the Scheme ſeems to repreſent that Cham- 
ber as cloſely ſhut, and thereby forbids us to ſuppoſe that any Air 
1s carried into it, but what is latitant in the Water, it will (carce 
ſeem probable (to him who remembers how ſmall a properemp 
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of Air, that appear'd to be when its rarefication ceaſed, which was 
conceal'd in the Water we freed from bubbles in our Receiver) 
that ſo little Air as is commonly giſper{'d through Water,ſhould 
be able, in ſo little Water as was requiſite for {0 ſmall aroom, to 
make fo vehement a Wind as our Author here tels us of, I have 
ſometime therefore ſuſpeted, that in this caſe the Wind may be 
produc'd by ſmall particles of the water it [elt, forcibly expell'd out 
ofthe Chamber into the Organs. And to the ObjeRion,to which 
I foreſaw this gheſs to be litble, namely, That, no heat interve- 
ning, there appear'd nothing that ſhould raiſe the Warer into ex- 
halations, and give them an impulſe. I thought it might be (aid, 
that motion alone, if vehement enough, may, without ſenſible 
hear, ſuffice to break Water into very minute parts, and make 
them aſcend upwards, if chey can no where el{z more eaſily conti- 
nue their agiration. ForI remember, that Travelling betwixt Ly- 
ons and Geneva, I ſaw, not very far out of the Way, a place where 
the River of Rhonr,coming (uddenly to be ſtreighten'd betwixt 
rwo Rocks, ſo near each other, that a Man may (if my Memory 
fail me not) ſtand aſtride upon both at once: that rapid Stream 
daſhing with great impetuoſity againſt ics Rocky Boundaries,doth 
break part of its Water into ſuch minute Corpuſcles, and put 
them into ſuch a motion, that Paſſengers obſerve at a good di- 
ſtance off, as it were a Miſt ariſing from that place, and aſcending 
2 good way vp into the Air. Such, I ſay, was my ſuſpicion tou- 
ching the Wind we have been conſidering , but it ſeems ſome- 
thing odde that aqueous Vapors ſhould, like a dry Wind, pals 
through ſolong and tortuous a Pipe of Lead, as that deſcrib'd by 
our Author, ſince we ſee in the Heads of Stills, 2nd the Necks of 


 Kolipiles, how quickly ſuch vapors are even by a very little cold 


recondenied into Water. Bar to this alſo ſomething may be ſpe- 
ciouſly reply'd; wherefore contenting my ſelf to have mention'd 
our Aathor's Experiment as a plaufible, though not demonſtra- 
tiveproof, that Water may be tranſmuted into Air. -We will 


pals on to mention in the third place another Experiment, whuch 
wetry'd in order to the ſame enquiry, ? 
N We 


'. (50) | 
We took a clear Glaſs bubble (capable of containing by gheſs 
about three Ounces of Water) with a Neck ſomewhar long and 
wide, of a Cylindrical torm; this we fill'd with Oyl of Vitriol and 
- fair water,of each almoſt a like quantity,and caſting in halfa dozen 
ſmall Iron Nails, we ſtopt the mouth of the Glaſs (which was top 
full of Liquor) with a flat piece of Diapalma provided for the 
purpoſe, that, accommo4atiag it felt to the ſurface of che water, 
the Air might be exquiſicely excludec: aad ipeedily inverting the 
Viol, we put the Neck of it into a ſmall wide mouth'd Glaſs that 
ſtood ready with more of the lame Liquor init, to receive ir, As 
ſoon as the Neck had reach'd the bottom of the Liquor it was 
dipp d into, there appear'd at the upper part (which was before the 
bottom) of the Viol a bubble, of about the bigneſs of a Pea, 
which ſeem'd rather to confift of ſmall and recent bubbles, pro- 
duc'd by the action of the diſſolving Liquor upon the Iron, then 
any parcel of the external Air that might be ſuſpected to have got 
in apon theinverſion of the Glaſs, eſpecial'y ſince we-gave time 
to thoſe little Particles of Air which were carried down with the 
Nails into the Liquor to fly up again, But whence chis firſt 
bubble was produced, is not ſo material to our Experiment, in 
regard it was ſo ſmall: For ſoon after we perceiv'd the bubbles 
prodnc'd by the ation of the Menſiruum upon the Metal, aſcen- 
ding copiouſly to the bubble already named, and breaking intoir, 
did ſoon exceedingly increaſe it, and by degrees depreſs the water 
lower andlower,till at length the ſubſtance contain'd 1n theſe bub. 
bles poſſeſſed the whole cavity of the Glaſs Viol, and almoſt of 
its Neck too, reaching much lower in the Neck then the ſurtace 
of the ambient Liquor, wherewith the open-mouth'd Glaſs was 
by this means almoſt repleniſhed. And becauſe it might be ſuſpe. 


Qed that the depreſſhon of the Liquor might proceed from the a- + 


gitation whereinto the exhaling and impriſon'd fteams were pur, 
by that heat which is wont to reſult from that ation of corroſive 
ſalcs upon Metals, we ſuftered both the Viol and the open-mouth» 
'd Glaſs to remain as they were, in a Window, for three or four 
dayes and nights together; but looking upon them ſeveral times 


during 
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during that while, as well as at the expiration of it, the whole c:- 
vity of the Glaſs bubble, and moſt of its Neck, ſeem'd to be poſ- 
ſeſſ'd by Air, fince by irs ſpring it was able for ſo long to hinder 
the expell'd and ambient Liquor from regaining its former place. 
Andit was remarkable, that juſt before we took the Glaſſe bubble” 
out of the other Glals , upon the application of a warme hand to 
the convex part of the bubble; che Impriſon'd ſubſtance readily 
dilated it felt like Air, and broke through the Liquor in diverſe 
bubbles, ſucceeding one another. 

Having alſo another time try'd the like Experiment with a ſmall 
Viol, and with Nails diſfolv'd in 4q»aforts, we found nothing in- 
congruous to what we have now deliver'd. And this Circumſtance 
we oblerv'd, that the newly generated ſteams did not onely poſs 
{eſs almoſt all the whole cavity of the Glats, but diverſe times 
without the aſſiſtance otthe heat ofmy hand, broke away in large 
bubbles through che ambient Liquor into the open Air: So that 
theſe Experiments with corrofive Liquors, ſeem*d maniteſtly e« 
nough to prove, though not that Air may be generated out of the 
Water, yet that in general Air may be generated anew, 

Laſtly, to the foregoing Arguments trom Experience we might 
eaſily ſubjoyn the Authority of Ariſtotle, and of (his followers ) 
the Schools who are known to have caught, that Air and Water 
being Symbolizing Elements (in the qual.ry of moiſture) are ea- 
fily tranſrautable into one another, But we ſhall rather to the 
foregoing Argument adde this, drawn trom Reaſon, That if, as 
Leucippus, Democritus, Epicurns and others, follow'd by diverſe 
modern Naturaliſts, have taught, thatthe difference ofBodies pro- 
ceeds but from the various Magnitudes, Figures, Motions, ang 
Textures of the ſmall parts they confiſt of, (all the qualities thac 
make them differ, being deducible from thence) there appears no 
reaſon why the minute parts of Water, and other Bodies , may 
not be (o agitated or conneRed as to deſerve the name of Air. 
For if we allow the Carteſian Hypotheſis, according to which, as we 
noted at the begiaving of this Letter, the Air may conſift of any 
terrene Or aqueous —_— they be kept (wimming 
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in the interfluent Celeſtial Matter, it is obvious that Air may be 
as ofren generated, as Terreſtrial Particles, minure eaough to be 
carried up and down, by the Celeſtial Matter, aſcend into the At- 
moſphere. And it we will have the Air to be a congerics of little 
lender Spriags, it ſeems not impoſſible, though it be difficuir, 
that the ſmall parts of diverſe Bodies may by a lucky concourſe 
of cauſes be ſo connected,as to conſticure tuch little Springs, fince 
(as we note in another Treatiſe) Water in the Plants it nouritheth 
is uſually contriv'd into Springy Bodies, and even the bare alter'd 
poſition and connexion of the parts ofa Body may ſuffice to give 
ita Spring that it had not before, as may be lcenin a thin and fle- 
xible Plate of Silver; unto which, by ſome ſtrokes ot a Hammer, 
you may givea Spring, and by only heating it red hot, you may 

make it again flexible 3s before, 
Theſe, My Lord, are ſome of the Conſiderations at preſent 
occurring to.my thoughts , by which it may be made probable, 
that Air may be generated anew. And though ic be not impoſſible 
to propoſe Objections againſt theſe, as well as againſt whar hath 
been repreſented in fayour of the contrary Doctrine, yer having 
already almoſt tyred my ſelf, and I fear more then -aimoſt 
ryred Your Lordthip with ſo troubleſome an Enquiry after the 
Nature of Bubbles,I ſhall willingly leave Your Lorcſhip to judge 
of the Arguments alledged on either {ide,and I thould ſcarce have 
ventur'd to entertain You ſo long concerning ſuch empty things 
as the Bubbles, which have occaſioned all chis Diſcourſe, bur that 
I am willing to invite You to take notice with me of che obſcurity 
of things, or the dimne's of our created Intelle&s (which yer of 
of late too many ſo far preſume upon, as either ro Deny or GCen- 
ſure the Almighty and Omniſcient Creator himſelf) and ro learn 
hence this Leſſon, That there are very many Things in Nature 
that we diſdainfully over-look as obvious or deſpicable, each of 
which would exerciſe our Underſtandings, if not poſe them roo, 
if we would but attentively enough confider it, and not ſuperfici- 
ally contemplate, but attempt fatisfaforily to explicate the na- 
'gure of 1L- | 
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EXPERIMENT XXII. 


Ince the writing of the twenty firſt and ewenty ſecond Experi- 

ments ( and notwithſtanding all that hath been on their occaſt- 
on deliver'd concerning bubbles ) we made ſome farther tryals in 
proſecution of the ſame -inquiry whereto they were deſigned. 


We choſe then, amongſt thoſe Glafſes which Chymiſts are 
wont to call Philoſophicall Eggs, one thar containing about nine 


. Ounces of Water, had a Neck of half an Inch in Diargeter at the 


top,8 as we gheſt, almoſt an Inch at the bottom; which breadth we 
pitched upon for a reaſon that will by and by appear:,then filling it 
up with common Water to the height ofabour a Foot and an half, 
ſo that the upper part remained empty, we ſhut it into the Recei- 
ver, and watch'd what would follow upon pumping, which proved 
that a great part of the Air being drawn out, the Bubbles began 
to diicover themſelves at the bottom and fides of the Glaſs ; and 
increaſing, as the Air was more and more drawn away , they did 
from time to time alcend copiouſly enough tothe top of the Wa- 
ter, and there quickly break : but by reaſon that the wideneſs of 
the Glaſs allow'd them free prſſzge through the Water , they did 
not appear as in the former Experiments to make it (well: The 
Water ſcarce ever riſing at all above the mark affixt to its upper 
ſurface, when it was put in, and upon the return permitted to the 
outward Air , and conſequently the ſhrinking 1n of the remaining 
bubbles, the Water ſeem'd to have loſt of tus firſt exrent, by the 
avolation of the formerly interſperſ'd Air , 


Being wiiling likewiſe to try whether diſtilled Wzter were, by 
having been divided into minute parts, and then re- united, more 
or leſs diſpoſ'd ro expand it felt then Water not difti]1'd: We took 
out of our Laboratory ſome caretully diſti]l'd Rain- water,and pur 
about two Ounces of it into a round Glaſs bubble, with a very 
{mall Neck (not exceeding the ſixth part of an Inchin Diamerer) 
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which we filled balf way to the top, and then convey'd it into the 
Receiver; the iſſae was, thar though we drew ont more Air then 
ordinary,yet there appeared not the leaſt intumeſcence of the Wa- 
ter, nor any aſcending bubbles, ; 

| But ſuſpeRing that either the ſmall quantity of che water or the 
Figure of the Veſſel might have an intereſt in this odde Phenome- 
705, wetook the lately mentioned Philoſophical Egge, and ano- 
ther not much differing from it; the former we fill'd up with di- 
ſtill'd Rain-water to the old mark,and into the latter we put along 
Cylinder or Rod of {ol1d Glaſs to ſtreighten the cavicy of the 
Neck by almoſt filling it up; and then pouring ſome diſtilled 
Water into that alſo, till it reach'd within ſome Fingers breadth 
of the top, the Eggs were let down into the Receiver, In this Ex- 
periment the Air was ſo far drawn forth, before there appeared a- 
ny bubble ineither of the Glaſſes, that the diſparity betwixt this 
and common water was manifeſt enough. But at length, when 
the Air was almoſt quite pump'd out, the babbles began to dif- 
cloſe themſelves, and to increaſe zs the preſſure of the Air in the 
Receiver decreaſ'd ., But whereas in the firſt mentioned Philo» 
ſophical Egge the bubbles were very ſmal], and never able to 
{well the Water, that we took notice of, at all above the mark; 
In the other, whoſe Neck, as we lately ſaid, was ſtraighined, and 

\ their paſſage obſtructed, great numbers of them, and bigger, faſt- 
ned themſelves to the lower end of the Glafle rammer (it we may 
ſo call it) and gather'd in ſuch numbers between that and the ſides 
of the Neck, that the Water ſwell'd about a Fingers breadth a- 
bove the mark, though upon the admitting of the external Airit 
relapſed to the former mark, or rather fell ſomewhat below it. 7 
And although thereupon in the firſt named Veſſel all the bubbles 
preſently di{appeared, yet inthe other we obſerved, that diverſe | # 
remained faſtned to the lower part of the Glaſs rammer, and cons | © 
tinued there ſomewhat to our wonder, for above an hour after, but | E 
contracted in their Dimenſions. 
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ty four houres in the Recaver, we afterwards repeated the Expe- 
riment , to#try what change the exuRtion of the external Air 
would produce in the Water, atter the internal and latitant Air had 
(asis aboverecited) in great mealure got away in bubbles, and 
whether or no the Water would by ſtanding re-admit any new 
particles of Air in the room of thoſe that had forſaken ic. But 
though weexhauſted the Receiver very diligently, yet we ſcarce 
ſaw a bubble in either of the Glaſſes ; notwithſtanding which , 
we perceiv'd the Water to riſe about the breadth of a Barly-corn, 
or more, in the Neck of that Glaſs wherein the ſolid Cylinder 
had been put; the Liquor in the other Glaſs not ſenſibly Gyel- 
ling. 

And laſtly , upon the letting in of the Air , the Water in the 
ſtraightned Neck ſoon ſubſided ro the mark above which it had 
ſwollen, which whether it ought to be aſcrib'd ro the ſame ſmall 
expanſion of the parts of the Water ir ſelf, or to the rarifaction 
of ſome yer latitant*Air broken into ſuch imall particles, asto 
eſcape our obſervation, ſeems not eafily determinable , without 
ſuch farther tryals, as would perhaps prove tedious to be recited 
43 well as to be made ; though I was content to (ſet down thoſe al- 
ready mentioned, that it might appear how requiſite it is ia nice 
Experiments to conſider variety of Circumftances. 
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EXPERIMENT XXIV, 


Af having thus diſcovered what operation the exſuction of 
the ambient Air had upon Water, we thought good to try 
alſo what changes would happen in ocher Liquors upon thedike - 
taking off the preſſure of rhe external Air. We took then a Glaſs 


| Egge, ſomewhat bigger then a Turkey Egge. which had a long 


Neck or Stem of about a+ part of an Inch in Diameter , and fil- 
ling it up with Sallet Oyl until it reach'd above half way to the 
top of the Neck, we inclo('d it inthe Receiver together with com- 
mon 
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mon Water in a reſembling Veſſel;that we might the better conjs 
Pare together the operation of the ex{uRion of the Air upon 
thoſetwo Liquors, The Pump being ſet on work, there began to 
appear bubbles in the Oyl much ſooner then in the Water , and 
afterwards they alſo aſcended much more copioulſly in the former 
Liquor then ia the latter: Nay, and when dy having quite tired 
the Pumper, and almoſt our own patience, we gave over, the 
bubbles roſe almoſt (it nor altogether) in as great numbers as e- 
ver,inſomuch that none of the various Liquors we tryed either he- 
fore or ſince, ſeemed ro abound more with Aerial Particles then 
did this Oyl. In which it was farther remarkable, that between 
the time it was ſet into the Receiver, and that, at which we could 


get ready t6 pump, it ſubſided notably (by gheſs abour halt an 


nch) below the mark ir reached before it was put 1n. 

After this expreſl'd Oyl, we made tryal of a difti]l'd one, and 
for that purpoſe made choice of the common Oyl or Spirit (forin 
the Shops where it is ſold, the ſame Liquor is -promuſcuoully cal- 
led by either name) of Turpentine, becauſe 'twas only of char 
Chymical Oyl, we had a ſufficient quantity: which, being put in- 
toaſmall Glaſs bubble with a ſlender Neck, ſo as to fill it about 
two Inches from the top, did, upon the evacuating of the Recei- 
ver, preſent us with great ſtore of bubbles, moſt of which riſing 
from the bottom , expanded themſelves exceedingly in their 
aſcent, and made the liquor in the Neck to ſwell ſo much by de- 
| Brees, that at length it diverſe times ran over at the top: by which 
mean, we were hindred from being able to diſcern upon the lets 
ting in of the Air, how much the ſubſidence of the Oyl below 
the firſt mark was due to the receſs of the budbvles. 

Having likewiſe a mind to try whether,as ſtrong aſolution of 
Salmot Tartar in fair Water as could be made (we having then no 
Oyl of Tartar per deliquium at hand) though it be accounted; 
Quick-fi]ver excepted, the heavieſt of Liquors, would afford us 
any bubbles; we putina Glaſs Egge full of it at theſametime' 
with other Liquors, and found that they did long yield ſtore of 


bubbles before any diſcovered themſelves in the Liquor of Tar 
tar 
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f tary and having purſued the Experiment, it appear'd, That of all 


the Liquors we made tryal of, this afforded the feweſt and ſmalleſt 
Bubbles. 

Spirit of Vineger being tryed after the ſame manner, exhibited 
a moderate number of bubbles, but ſcarce any thing elſe worth 
the mentioning. 

Nor could we in red Wine, try'd in a Glaſs Egge, take notice 
ot any thing very obſervable. For though upon the extufion of 
the Air the bubbles aſcended in this Liquor, as it were in Sholes, 
and ſhifted places among themſclves in their aſcent; yet the Intu- 
meſcence of the whole bulk of the Liquor was ſcarce art all ſenfi- 
ble, the bubbles moſt commonly breaking very ſoon after their 
arrival at the top, where during their ſtay, they compoſed a kind 
of ſhallow froth, which alone appeared higher in the Neck of the 
Glaſs, then was the Wine when it ws firſt let down. Neither yet 
did Milk, conveyed into our Pneumatical Veſſel, preſent us with 
any thing memorable, ſaye that (as it ſeem'd by reaſon of ſome 
unRuouſneſs of the Liquor) the bubbles not eaſily breaking at 
the top, and thruſting up one another, made the intumeſcence ap- 
pear much greater then that of common Water. 

Welikewiſe conveyed Hens Eggs into the Receiver, but af- 
ter the ex{uQion of the Air, took them oue whole again. That 
which invited us to put them in, was, That (as perhaps we menti- 
on in other papers) we had among other Experiments of cold, 
made Eggs burſt, by freezing them within doors with Snow. and 
Salt: The Ice , into which the aqueous parts of the-Egge were 
turned by the cold, ſodiſtending (probably by reaſon ot-che nu- 
merous bubbles wont to be obſervable in Ice) 'the outward parts 
ofthe Egge, that it uſually crack'd the Shell, though the 1anter 
Membranethat involy'd the ſeveral Liquors of the Egge, becauſe 
it would ſtretch: and yeild, remain'd unbroken. -. And herevpon 
we imagin'd ' that in our Engine it might appear , whether or ao 
there were any conſiderable Spring, either inany of the Liquors, 
or in any other more f{pirituous ſubſtance included in the Egge. 

We took alſo ſome Spirit " Urine, careleſly enough defleg- ' 
| , med, 
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mes, and put it into the ſame Glaſs (firſt: carefully ſcobr'd and 
cleanſed) wherein we had put the Oyl-oliveabove mentioned: We 
took alſo another Glaſs, differing trom a Glaſs Egge, only in that 
its bottom was flat,and fill'd it up to about of the Neck(which 
was wider then that of the Egge) with reiftted Spirit at Wine, 

We took alſo another Glaſs Egge , and having fill'd/it with 
common W ater till it reached to the middle of the Neck, we pou- 
red to it of the ſame Spirit of Wine, till it reached about an Inch 
higher, 

Theſe three Glaſſes having marks ſet on thero, over againſt the 
edges of the contain'd Liquors were put into the Receiver, and 
that beginning to be evacuated, the bubbles in all the three Li- 
quors began to appear. The mixture of the Spirit of Wine and 
Water diſclo{d a great ſtore of bubbles , eſpecially rowards the 
top; but ſcarce afforded us any thing worth the remembring. The 
Spirit of fYrine appear'dto {well near an Inch and an halt aboye 
the mark; and beſides that, ſent forth ſtore of bubbles, which 
made a kind of froth at the upper partotit. And above that 
{pume,there appezr'd eight or ten great bubbles one above ano- 
ther, in a very decent order, each of them conſtituring, as ir were, 
a Cylinder of about halt an Inch' high, and as broad as the internal 
cavity of the Neck: So that all the upper part of the Neck {for 
theſe bubbles reach'd to the top) ſeem'd co be divided into almoſt 
equal parts, by certain Diaphragmes , conſiſting of the coars of 
the bubbles, whale edges appeared like ſo many Rings ſuſpended 
one aboveanorher. | 
--Jathe Spirit of Wine there did ariſe agreat multitude of bub» 
bles; eventill wearineſſe did make us give over the Experiment; 
And in theſe bubbles two or three things were remarkablezas firſt, 
T hat they aſcended with a very notable celerity: Next, That be- 
ingarrivedargthe tap, they made no ſtay there: and-yer, notwith- 
Rtanding the greatthinnefs and/{pmiruouſne(s of the: Liquor, did; 
betorethey broke; lift up the upper ſartace of it, and for 4moment 
or two form thereof a thin film or skin which appeared protube- 
' rant above the reft of the. ſuperficies like a ſmall _ 

Thirdly, 
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Thirdly, That they afcended ſtraight up, wherezs thoſe produced 
at thelower part ofthe Veſlel, containing the mixtare of the Wa- 
ter and Spirit of Wine, aſcended with a wavering or wrigling mo. 
tion, whereby they deſcribed an indented Line, Laſtly, it was 
obſcrvab'e inthe Spirit of Wine (and we took notice of the like 
in the Oyle of Turpentine lately mentioned) that got only the 
bubbles ſeemed to riſe from certain determinate placesat the bot- 
tom ot the Glaſs, but that in their aſcenſion they kept an almoſt 
equal diſtance from each other, and follow'd one another in a cer- 
tain order , whereby they ſeem'd part of (mall Bracelets, conſis 
ſting of equally little incontiguous Beads: the lower end of each 
Bracelet, being as it were, taſtned to a certain point at the bottom 
of the Glaſs. 
The Air being ſparingly let into the Receiver, che great bubbles 
formerly mentioned as incumibent upon one another, in that Glaſs 
that contained the Spirit of Urine, were by orderly degrees lefle- 
ned, till at length they wholly ſublided. [Notwichſtanding the 
receſs of ſo-many bubbles as broke on the top-of the: Spirit of 
Urine, during/albche time of the Experiment ; yet-ir ſcarcely aps 
pear*d at all ro be ſunk below the mark: Nor did: the mixture of 
Spirit ot Wine and Water conliderably ſubſide. But that is no- 
thing to what we obſerv'd in the Spirit of Wine, for not only ic 
conſpicuoufly expanded it (elf in the Neck of the Veſſel that con- 
tain'd it; notwithſtanding the largeneis of it, and that the bubvles 
were wont to break at the top of it almoſt as ſoon as they arriv'd 
there: But upon the readmiſſion ot the external Air, the Spirit of 
Wine retain'd its newly acquired expanſton. - And though we 
let it alone for near an hour together, in expectation that it might 
ſubſide; yet when we took it our, we tound it ſtill {well'd between 
a quarter and half an Inch above the Mark; and althongh it was 
not eaſily imaginable how this Phenomenon could proceed from 
any miſtake in trying the Experiment, yet the ſtrangeneſs of it 
invited me to repeat it with treſh- Spirit of Wine. Which, {wel- 
ling in the Neck as formerly, left all nightin the Receiver,allow- 
ing free accels to the external Air ar the Stop-cock, and che _—_ 
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day-foundir ſtill expanded as before,” fave thatir ſeetti'd'# lirtls 
lower: which decrement perhaps proceeded from the avolation 


ot ſome of the fugitive parts of ſo volatle a Liquor.” And for 


better (atistaction having taken out the Claſs, and confider'd it in 
the open Air, andat a Window, I could not find that there was 
any remaining bubbles that could occaſion the perſevering and 
admir'd expanſion, 
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EXPERIMENT KXXY. 


BEos deſirous to diſcover what difference there might be as to 

gravity and levity, between Air expanded under Water, and 
it ſelt before ſuch expanſ1on; we took two very ſmall Viols, ſuch 
as Chymical Eflences (as they call them) are wont to be kept in, 
and of the fize and ſhape expreſled by the 8 Figure: inro one of 
theſe we put ſo much of a certain ponderons. Mercurial mixture 
{hapning to be'then at hand) that che mouth being ſtopr with a 
little ſoft Wax, the Glaſs would juſt fink in Water & no more; 
this we let fall co the bottom of a wide-mourth'd Chiſtal Jar, fill'd 
with about half a pint of common Water, & into the ſame Veſlel 
we ſunk the other Eſſence Glaſs unſtop'd, with as much Water 
initas was more then ſufficient ro make it ſubſide. Both theſe ſunk 
with their mouthes downwards, the former beingabout three quar- 
ters full of Air, the latter containing init a bubole of Air that was 
ohefl'd to be of the bignels of half a Pez: This done, the wide» 
mouth'd Glaſs was let dowa into the Receiver, and the way of 
employing the Engine was carefully made uſe of. 

The ſucceſs was, That having drawn out a pretty quantity of 
Air, the bubbles began to diſcloſe themſelves in the Warter,as in 
the former Experiments ; and though for a good while after the 
bubbles aſcended in ſwarms from the lower parts of the Water, 
and haſtily broke at the top; yet we proſecuted the Experiment 
ſolong without ſeeing any eftz& wrought upon theEſlence bw_ 
tr 
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that we began to diſpair of ſeeing of them riſe. But continuing 
to ply the Pump, that little Glaſs, whoſe mouth was open'd, 
came to the top of the Water, being, as it were, boy'd up thi- 
ther by a great number of bubbles that had faſtned themſelves to 
the ſides of itz ſwimming thus with the mouth downward , we 
could eaſily perceive that the internal Air above mention'd had 
much dilateg it ſelt, and thereby ſeem'd to have contributed ro 
the emerging of the Glaſs, which remain'd floating , notwith- 
ſtanding the breaking and vaniſhing of moſt of the contiguous 
bubbles : being hereby incouraged to perſiſt -in pumping, we 
obſerved with ſome pleaſure, that at each time we turn'd the 
Key , the Air in the lictle Glaſs did manifeſtly expand it ſelf and 
thruſt out the Water , generally retaining a very protuberant 
ſurface where it was contiguous to the remaining Water, And 
when atter divers exſuctions of the Air in the Receiver, that in 
the Viol ſo dilated it ſelf zs to expel almoſt all the Water, is 
turn'd up its mouth towards the ſurface of che Water inthe Jar, 
and there deliyer'd a large bubble, and then relapſed into its tor- 
mer floating poſture. And this Experiment taught us, among 
other things, that it was a work of more time and labour then we 
imagin'd, to exhauſt our Engine as mach as it may be exhauſted : 
for although before the emerging of che ſmall Vio), we did {( «s 
hath been touch'd already ) think we had very conliderably em- 
ptyed the Receiver, becauſe there ſeem'd to come out bur very 
little or almoſt no ſenſible Air at each exſuction jato, and out of 
the Cylincer; yet afterwards, at each drawing down the Suc- 
ker, the Air included inthe Viol did maniteſtly dilate ir ſelf, ſo 
long, thzt ic did no leſs then nine times turn mts-mouth upwards , 
and diſcharge a bubble by conjecture about the bigneſs of a Pea, 
after the manner newly recited, But as for that Violl which had 
the weight init, itroſe not atall. So that being not able by 
quick pumping to gain another bubble from the Air in the (wim- 
ming Glaſs, which proceeded from ſome ſmall leak in the Veſſel, 
though it held in this Experiment more ſtanch then was uſual , 
we though fic co let in leaſurely the Air from without , upon 
Wnoe 


(102) , 
whoſe admiſſion that within the Viol ſhrinked into a very norroly 
compaſs, the Glaſs did, as we expected; fall down to the bots 
tom of the Jar. 

But deing defirous before we proceed to any new Experi- 
ment, to try once more wherher the little Glaſs, char had the 
weightinir, might nor alſo be raiſd: After we had ſuffer'd the 
Engine to remaincloP'd as it was, for five or {1x hours, the Pump 
was again ply'd with ſo much obſtinacy , that not onely about 
the upper part of the Jar there appear'd a good number of bub. 
bles (but very much ſmaller then thoſe we ſaw the firſt time) 
bur afterwards there came from the bottom of the Jar , bub- 
bles about the bigneſs of a ſmal Peas : which the Pump being 
ſtill kept going, follow'd one another, to the number of forty, 
comming from the ſtopp'd Violl ; whoſe mouth, ir ſeems, had 
not been ſhat fo ſtrongly and cloſely, bur.that the included Air, 
dilating it ſelfe by its owne ſpring, made it ſelf ſome little paſſage 
berwixt the Wax and the Glaſs, and got away in theſe bubbles; 
after which, the unſtopp'4 Glaſs began to float again, the Air 
ſhurup in ic being maniteſtly ſo dilated as to expel a good part 
of the Water, but not ſo much as to break quite thorow. And 
at length, when our expeRation of it was almoſt tired out, rhe 
heavier of the two Viols began to come aloft, and imme4iately 
to {ubſide again ; which appear'd to be occaſion'd by the Air 
within it, whoſe bulk and ſpring being weaken'd by the receſs 
of the forty bubbles before-mention'd, it was no longer able, as 
formerly, to break forcibly through the incumbent Water , but 
forming a bubble at the mouth of the Glaſs, boyed ir up to- 
wardsthe top ; andthere getting away , left jt to ſink again till 
the preſſure of the Ajr inthe Receiver being farther taken off, 
the Air in the Violl was permitted to expand it ſelf farther , and 
to create another bubble, by which it was again for a while cartt- 
edup. And it was remarkable, that though atcer having em- 
pty ed the Receiver as far as well-we could, we ceaſed from pum- 
ping; yet the Veflel continuing more ſtanch then it was wont, 


this aſcent and fall of the Viol was repeated to the ninth time; 
the 
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the included Air, by reaſon of the ſmalneſs of the vent at which ir 
muſt paſs out, being not able to get away otherwiſe then by little 
andlittlez; and conſequently, in divers ſuch parcels as were able 
to conſtitute bubbles, cach of them big enough to raiſe the Vi- 
ol and keep it aloft until the avolation of that bubble. Whereby 
it may appear, that thegrand rule in Hydroſtaticks, That a Body 
will ſwim in the Water, in caſe it be lighter then as much of the 
Water as equals it in bulk , will hold likewiſe when the preſſure 
of the Atmoſphere is in very great meafure, it not when it is to- 
tally taken off trom the Liquor and the Body : though it were 
worth in quiring what it is that ſo plennifally concurs to fill 
the bubbles made in our Experiment by the ſo much expanded 
Air. For to ſay with the old Peripatetick Schooles, That the 
Air in Rarefation, may acquire a new extent, without the ad- 
miſſion of any new ſubſtance , would be an account of the Pheno- 
menon very much out of date, and which, I ſuppoſe, our Mos 
cern Naturalifts would neicher give, nor acquieſce in. 

I know not whether it may be requiſite to adde, that in this 
Experiment, as in the former, the outward Air, being let in, did 
ſoon precipirate the floating Viol. But I think it will not be a- 
miſs to note, that ( congruouſly ro what hath been above re- 
corded of the valt expanſion of the Air) the Warer which inthe 
heavier Viol ſucceeded inthe room of thoſe forty-odde, if not 
fifry grezt bubbles of Air, which at ſeveral times got out of it, 
amounting but to a very inconſiderable bigneſs. 
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EXPERIMENT XXVI. 


T havivg been obſery'd by thoſe that have confider'd what 
5 belongs to Pendulwms (a Speculation that miay , in my poor 
judgment , be highly uſeful co the Naturaliſts) rhar their 
Vibrations are more ſlowly made, and that their motion. laſts leſs 
ina thicker, then ina thinner Mediam : We thought it not amiſs 
| to 
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to try if a Pendulum would ſwing faſter, or continue ſwinging 
longer in our Receiver, incaſe of exſuction of the Air, chen other- 
wiſe. Wherefore we took a couple of round and poliſh'd Pexs 
dulums of Tron or Steel, of equal bigneſs, as near as we could get 
the Artificer to make them, and weighing each of them-twenty 
Dragmes, wanting as many Graines. One of theſe we ſuſpended 
inthe cavity ofthe Receiver by a very ſlender ſilken ſtring, of a- 
bout ſeven Inches and a half in lengch from the cover of the Re- 
ceiver to which it is faſten'd. Then (by inclining che Engine) 
we made the Pendulum (wing too and fro init, and deſcribd as 
long Arches as in the capacity of ſo urictle a Veſſel we thoughe 
ſafe and convenient. And one of the Aſſiſtants telling the recurfi- 
ons of the other Pendulum hanging in the free Air, by a ſtring of 
about the ſame length, we ſhortaed and lengchned this other Pex- 
dulum, till it appear'd to keep the fame pace 1n its Vibrations, 
with that ſhut up in che Receiver. Then having carefully drawn 
away the Air, we did again ſet the Pendulum in the Receiver a vi- 
brating; and giving the other Penaulum ſuch a motion as made it 
deſcribe an Arch, according to ones gheſs, equal to that of the 
included Pendulum, we reckon'd, one of us, the Recurſtons of 
that Pendulum which was ſwinging within the Receiver; and ano« 
ther of us, that which was __— in(that which one would think 
a much more reliſting medium) the Air, Bur once, one of us reck- 
on'd near two an twenty Recurfions of the included Peudylum, 
whilſt the other reckon'd but twenty.of the Pendulum that vibra- 
ted without. And another time alſo, the tormer of thele Pendy- 
la was reckon'd to have made one and twenty Recurſtons, where- 
in the other made but twenty: Yet this Fxperiment ſeem'd to 
reach us little, ſave that the difference betwixt the motion of ſuch 
a Pendulum inthe common Air, and in one exceedingly rarefied, 
is ſcarce ſenſible in Veſſels no bigger then our Receiver, eſpeciab 
ly,ſtace though during this Experiment it held very well, yet we 
could not ſuppoſeir to be altogether devoid of Air. We obſer- 
ved alſo, that when the Reciver was full of Air, the included Pens 
dulum continued its Recurſions abour fifteen minutes (or a quar” 
cc 
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ter of an hour) before it lefc off ſwinging; and that after the ex- 
ſuction of the Air, the Vibration of the ſame Pendulum (being 
freſh put into motion.) appear'd not ( by a minutes Watch ) to 
laſt ſenſibly longer. So that the event of this Experiment be- 
ing other then we expected, ſcarce «forced us any other ſatisfa- 
Rion, then that of our not having omitted to try it, And whe- 
ther, in caſe the tryal be made with a Pendulum much leſs diſpro- 
portionate to the Air then Steel is, the event will much berter 
anſwer expeRation, experience may be conſulted, 
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EXPERIMENT XXVIL 


T Hat the Air is the medium whereby ſounds are convey'd to 

the Ear, hath been for many Ages, and is yet the common 
Dotrine of the Schools. Bur this Received Opinion hath been 
of late oppoſ'd by ſome Philoſophers upon the account of an 
Experiment made by the Induſtrious K;rcher, and other Learned 
Men: who have ( as they afſureus ) obſerv'd, Thar if a Bell, 
with a Steel Clapper, be fo faſten'd ro the inſide ot a Tube, thar 
upon the waking the Experiment De Yacuo with that Tube, the 
Bell remain'd ſuſpended in the deſerted ſpace at the upper end of 
the Tube: And if alſoa vigorous Load-ſtone be zpply'd on the 
outſide of the Tube tothe Bell, it will attract the Clapper, which 
upon the Removal of the Load-ſtone falling back , will ſtrike 
2gainſt the oppoſite fide of the Bell, and thereby produce a very 
audible found z Whence divers have concluded, T hat 'tis not the 
Air, but ſome more ſubtle Body that is the medium of ſounds. 
But becauſe we conceiv'd that, to invalidate ſuch a conſequence 
from this ingenious Experiment (though the moſt luciterovs, 
that could well be made without ſome ſach Engine as ours ) ſome 
things might be ſpeciouſly enough alleadg'd z we thought fir to 
makea tryal of two, in order to the Diſcovery of what the Air 
doth in conveying of ſounds, reſerving divers other Experiments 
tryable in our Engine concerning ſounds, till we can obtain more 
| P 1 leaſure 
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teaſure to proſecute them, Conceiving it then the beſt way to 
make our tryal with ſuch a noiſe as might not be loud enough to 
make ir difficult to diſcern flighter variations in it ; but rather 
might be, both laſting, ( that we might take notice by what de- 
grees it decreaſ'd, ) and ſo ſmall, that it could not grow much 
weaker without becoming imperceptible. We tooka Watch, 
whoſe Caſe we open'd, that the contain'd Air might have free 
egreſs into that of the Receiver. And this Watch was ſuſpend- 
edin the cavity of the Veſſel onely by a Pack-thred, as the un- 
likelieſt thing to convey a ſound to the top of the Receiver: And 
then cloſing up the Veſſel wich melted Plaiſter, weliſten'd near 
the ſides of ir, and plainly enough heard the noiſe made by the 
ballance. Thoſealſo of us, that warch'd for that Circumſtance, 
obſery'd, that the noiſe ſeem'd to come diretly in a ſtraighr 
Line from the Watch unto the Ear. And ic was obſervable to 
this purpoſe, that we found a manifeſt diſparity of noiſe, by hold- 
ing our Ears near the {ides of the Receiver, and nexr the Cover 
ofit : which difference feem'd to proceed from that of the Tex- 
ture ofthe Glaſs, from the ſtructure of the Cover ( and the Ce- 
ment) through which the ſound was propagated from the Watch 
to the Ear. But let us proſecute our Experiment, The Pump 
after this being imploy'd, it ſeem'd that from time to time the 
ſound grew fainter and fainter z ſo-that when the Recerver was em- 
pty'd as much asit uf'd to be tor the foregoing Experiments, nei- 
ther we, nor ſome ſtrangers that chanc'd ro be then in the room, 
could, by zpplying our Ears to the very {ides, hear any noiſe 
from within z though we could eaſily perceive that by the moy- 
ing of the hand which mark'd the ſecond minutes, and by that of 
the ballance, that rhe Watch neither ſtood ſtil,nor remarkably va- 
ried from its wonted motion, Ang to fatisfie our ſelves farther 
that it was indeed the abſence of rhe Air about the Watch that 
binder'd us from hearing it, we let in the external Air at the Stop- 
cock, and then, though we turn'd the Key and ſtopt the Valve, yet 
we could plainly hear the noiſe made by the ballance, though we 
heldour Ears ſometimesat two Foot diſtance from the ourfide o 
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the Receiver. And this Experiment being reiterated in another 
place, ſucceeded after the like manner, Which ſeems to prove, 
that whether or no the Air be the onely, it is at leaſt, the princi- 
pal medium of Sounds. And by the way it is very well worth 
noting, that ina Veſlel fo well cloſd as our Receiver, ſo weak a 
pulle as that of the ballance ofa Watch ſhould propagate a mo- 
tion to the Ear ina Phyſically ſtcaight Line, notwithſtanding the 
interpolition of ſo cloſe a Body as Glaſs, elpecially Glaſs of ſack 
thickneſs as that of our Receiver : fince by this it ſeems that the 
Air impriſon'd in the Glaſs, muſt, by the motion of the. bal- 
lance, be made to bear againſt the concave part of the Receiver, 
ſtrongly enough to make its convex part beate upon the conti- 
= Air, and ſo propagate the motion to the Liſtners Ears. 

know this cannot but ſeem ſtrange to thoſe, who, with an emi- 
nent Modern Philoſopher, will not allow that a Sound, madein 
the cavity ofa Room , or other place ſo cloſ'd, that there is no 
intercourſe betwixt the external and internal Air, can be heard 
by thoſe without, unleſs the ſounding Body do immediately 
ſtrike againſt ſome part of the inclofing Body. Bur not having 
now time to handle Controverſies, weſhall onely annex , Thar 
atter the foregoing Experiment, we took a Bell of about two 
Inches in Diameter at the bottom, which was ſupported in the 
mid'ſ of the cavity of the Receiver by a bent ſtick, which by 
reaſon of its Spring preſſ'd with irs two ends againſt the oppoſite 
parts of the inſide of the Veſlel : in which, when it was clo('d 
up, we obſerved that the Bell ſeemed to ſound more dead then 
it did when juſt before it ſounded in the open Air, And yer, 
when afterwards we had (as formerly) emptyed the Receiver, we 
could not diſcerne any conſiderable change ( for ſome ſaid they 
obſerv'd a ſmall one) inthe loudneſs of the ſound. - Whereby it 
ſeemed that though the Air be the principal medium-ot found, 
yet either a more ſubtile matter may bealſo a medium of it, or 
elſe an ambient Body that contains but very few particles of Air, 
in compariſon of thoſe it is eafily capable of , is ſufficient for 
that purpoſe. And this, among: other 'things , invited vs to 
Sf» CONe 
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conſider , whether in the above-mentioned Experiment made 
with the Bell and the Load-ſtone, there might not in the deſer- 
ted part of the Tube remain Air enough to produce a ſound : 
fince the Tubes for the Experiment De Yacuo ( not to mention 
the uſu3l thinneſs of the Gl:{s) being ſeldom made greater then is 
requiſite, alittle Air might beare a not inconliderable proportion 
to the deſerted (pace : . And that alſo, in the Experiment De Ya- 
c#0, 2S1t is wont to be made, there is generally ſome little Air 
that gets in from without ; or at leaſt ſtore of bubbles that ariſe 
from the Body of the Quick- ſilver, or other Liquor it ſelf, Ob- 
ſervations heedfully made have frequently informed us: And ic 
may alſo appear, by what hath been formerly delivered concerning 
the Torricell;an Experiment. 

On the occafion of this Experiment concerning ſounds , we 
may adde in this place, That when we eryed the Experiment for- 
merily mentioned, of firing Gunpowder with a Piſtol in oure- 
vicuated Receiver, the noiſe made by the ſtriking of the Flint 
againſt the Steel , was exceeding languid in compariſon of what 
it would have been in the open Air. Andoa divers other oc- 
cafions it appeared that the ſounds created within our exhauſted 
Glaſs, if they were not loſt before they reach'd the Ear, ſeem'd 
at leaſt to arrive there very much weaken'd. We intended to 
try whether ocno- the Wire-ſtcing of an Iaſt:rument (hut up in. 
ro our Receiver, would, when the ambient Air was ſack'd out, 
at all tremble, it in another Inſtrument held cloſe to it, but with- 
out the Receiver, a ſtring-tua'd (as Muſicians ſpeak, how proper- 
ly I now examine not) to an Uniſon with ir, were briskly couche, 
and ſeta Vibrating. This, I ſay, we purpoſ'd to try to.ce how 
the morion made in the Air wichour, would be propagated 
through the cavity of our evacuated Receiver. But when the 
Inſtrament ' wherewith the tryal was to be made came to be im- 
ploy'd, ir prov'd too big to gointo the Pneumaticall Veſſel : and 
we have not now the conveniency to have # fitter made. 


We thought likewiſe to convey into the Receivera long un 
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ſender pair of Bellows , made after the faſhion of thoſe uſually 
employ'd to blow Organs, and furniſhed with a ſmall Muſical in- 

ſtead of an ordinary Pipe, For we hop'd, that by meanes of a 

ſtring t. ſtned to the upper part of the Bellows, anc to the move- 

able ſtopple that makes a part of the Cover of our Receiver, we 

ſhould, by frequently turning round that ſtopple, and the an- 

nexed ſtring, after the manner already often recited , beable to 

lite up and diſtend the Bellows, and by the help ofa competent 
weight faſtned co the ſame upper part of the Bellows , we ſhould 
likewiſe be able, at pleaſure, ro compreſs them : -and by con» 
ſequence , try whether that ſubtler matter then Air ( which, ac- 
cording to thoſe that deny a Vacuum, muſt be ſuppoſ'd to fill 
the exhauſted Receiver) would be able to produce a ſound in 
the Muſical Pipe; orin a Pipe like that of ordinary Bellows, to 
beget a Wind capable to turne or ſet on moving ſome vety light 
matter, <ither ſhap'd like the Sails ofa Wind. Mill, or ot ſome 
other convenient form , and expoſed to its Orifice. This Ex- 
periment, I ſay, we thought to make, but have not yet actual- 
ly made it for want of an Artificer to make us ſuch a pair of Bel- 
lows as it requires. 

We had thoughts alſo of trying whether or no, «s Sounds: 
made by the Bodies in our Receiver become much more languid 
then ordinary, by reaſon of the want of Air: ſo they would grow: 
ſtronger, in caſe there were an unuſual quantity of Air crouded 
and ſhut up in the ſame Veſſel. Which may be cone (though not 
without ſome difficulty) by the help of the Pump, p:ovided the 
Cover and Stopple beſo firmly faſten'd ( by binding and Ce- 
ment, or otherwiſe ) to the Glaſs and to each other, that there 
be no danger of the condenſed Airs blowing of either of them a- 
way, 0r its breaking through the junures. Theſe thoughts, My 
Lord, as I was ſaying, we entertain'd ;- but for want of leaſure,as, 
of as good Receivers as ours, to ſubſtitute inits plzce, in caſe we 
ſhould break it before we learn'd the $kill of condenſing the Air 
in it , we durſt not put them in practice :- Yet, on this occa- 
kon, give me leave to. advertife Your Lordſhip oncelfor all; 
That: 
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That though for the reaſons newly intimated, we have, Ones 
ly in the ſeventeenth Experiment, taken notice, that by che help 
of our Engine the Air may be conden('d as well as rarified z yer 
there are divers other of our Experiments , whole Phenomens 
it were worth while to try to vary , by means of the compreſ- 
ſion of the Air, 
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EXPERIMENT XXVIIIL 


VVE taught, among divers other things, when we diſ- 

courſed of our firſt Experiment , That the Air ſhut up 
in our Receiver, preſleth as ſtrongly upon the Bodies ſhut up with 
it , as if they were expoſed to the preſſure of the whole Armol- 
phere. That this was not inconſiderately propounded, we hope 
Your Lordſhip hath gather'd from divers of the things already re. 
Cited: But yer perhaps it will not be amiſs to ſubjoyn, by way 
of farther confirmation ot the ſame truth, the following Experi- 
ment: which would have accompanied the 20'*, but the Paper 
wherein the one was written chanced not to be at hand , when the 
Othe! was ſent away. 

We convey'd into the Receiver a new Glaſs Viol, capable of 
holding about 6 or 7 ounces of Water, into which we had before 
put 2 of 3 Spoon-fulls of that Liquor, and ſtopt it cloſe witha 
fic Cork. The Pacumatical Veſlel being emptyed, there ap- 
pear'd not any change in the incloſ'd Water, the Air impriſoned 
with it, not having the force to blow out the ſtopple. Whuch 
event, though it were no other then we expeRted, was differing 
from what we deſir'd. For we would gladly have ſeen what 
change would have appearedin the Water upon the Bottles be 
ſuddenly unſtopp'd, in a place where the ambient Body was (o dit- 
tering from our common Air. Wherefore we did again pur in the 
Viol, burleſs ſtrongly clo('d then formerly, though as ftrongly 
opt as ſeem'd requiſite on ordinary occaſions: Bur when the Air 
was pumped out of the Receiver, that within the Viol did quickly; 
as we expected, find or make it ſelfe lictle paſſages to get our at: a5 

we 
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weargued, from this, That whereas when the Viol was put in the 
time before , the Water remzined all the while perfeRly free 
from bubbles z at this time the bottom of the Glaſs appear'd all 
covered with them, and they, upon the egreſs of the excluded Air 
icto the Receiver, did preſently flag and ſhrink up. 

From theſe tryals it ſeem'd deducible enough , that whilſt 
the Viol continued to be well ſtopr , the included Water did , 
from the Air, ſhut up with it, ſuſtaine a, preſſure equal to that 
of the Atmoſphere; fince till che Air could get out of the Glaſs, 
there appeared no bubbles in the Water,notwithſtanding the wane 
of preſſure in the ambient Body, 

But to be ſure toreach the chiefend of our Experiment , we 
made uſe of this other expedient : We cauſeJ a convenient quan- 
tiry of Water to be put, and Hermetically ſhut up intoa Glaſs 
Egge, to whoſe long Neck {( which was purpoſely made of 
an unequal thickneſs) was faſtened to one end of a ſtring , 
whoſe other end was tyed to the Cover of our Receiver, after 
the manner elſ[where mentioned already : Then the Egge being 
conveyed into the Pneumatical Veſlel, and that being evacu- 
ated, we did, by turning the braſs Stopple formerly deſcrib'd 
amonglt the parts of our Engine, fo ſhorten the ſtring as to 
breake the Glaſs ; whereby liberty being given to the Air im- 
priſoned in the Egge, to paſs into the cavity of the Receiver, 
the ſudden receſs of the Air made the bubbles in a trice appear 
ſo nume:0u3, and aſcend ſo ſwiftly in the Water, that their mo- 
tion look'd like that of a violent ſhower of Rain , ſave that the 
bubbles did not, like the drops of- Rain , tend downwards, but 
rpwards. Which made me reſemble this Phenomenon to what 
I have (een happen in the diſſolution of Seed-Pearl in ſome acid 
Menſlruum, io which, if a good quantity of the little Pearls be caſt 
whole, they will at firſt, ifthe a be ſharp enough, be 
carryed in ſwarms from the bottom to the top of the Liquor, 
We will adde, that without ſealing up the Glaſs, this Expe- 
timent may be tryed in one of our ſmalleſt Receivers. For there 
the exſaction of the ambient Air may be performed ſo nimbly , 
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ehat immediately the bubbles lurking in the Water areallowed tg 
diſplay themſelves, andaſcend in throngs; inſomuch, as having 
in (uch a Receiver try'd the Experiment with Wine (as a more 
ſpirituous Liquor) inſtead of Water, the Red-Wiine appeared all 
cover'd, with a copious, but vaniſhing white Froth, almoſt as ifa 
Veſſel tull of bottl'd drink had been unwarily opened. 


EXPERIMENT $XIX. 
T may not a little conduce to the clearer explication of divers 
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Points in the Doarine of Meteors, and perhaps of ſome 0. 

ther Phyfiologicall difticulties, to diſcover what che Air doth 
to the motion of thoſe Steams or Exhalations that aſcend into it, 
namely, Whether they mount upwards by vertue of any ſuch 
poſitive levity ( as ſome Peripareticks ſpeak ) acquir'd rogether 
with their Aerial nature, as inables them to plerce through part 
ofthe Atmoſphere, and over-come its reſiſtance, Orelſe, whe. 
ther theſe ſteams being once raiſed above the Earth by their agi- 
tation, have their aſcent and ſuſtentation aloft, rather promo- 
tedthen hindred by the Air : as the inferior parts of that, being 
thicker and heavier then the ſuperior , the ſteams can more eaſily 
continne for a while their agitation upwards then downwards 
And afterwards are by the ſame fluidity and thickneſs of the Air, 
carried toand fro init, and kept from relapſing to the Earth: as 
in the Sea- Water the ſaline parts are kept from ſubſiding by thoſe 
aqueous ones wherewith they are aſſociated. 

We hop'd to illuſtrate this matter, by obſerving the motion of 
the ſmoke, proceeding from kindled or flaming Bodies in our 
exhiuſted Receiver. But as we formerly noted , upon the ex- 
ſacion of the Air, the ſmoking of thoſe Bodies preſently cea('d, 
We had thoughts alſo of conveying into our Pneumatical Glaſs 
a hot Iron , with ſome Body ealie to be diffipated into ſmoke 
ſetupon it , but conſider'd, that neither was that way free from 
inconveniencies ; * eſpecially this, that the hot Body would 


make the Impriſoned Air circulate within the Receiver, and 
con, 
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conſequently make it queſtionable whether the aſcent of the 
ſteams would not be due to the new and acquired motion of the 
Air, 
Wherefore I bethought my ſelf of another way to ſatisfie in 
ſome meaſure my curioſity, to wit, by means of a certain Li- 
vor, which I call'd to minde that ſome years agoe I had (for a de- 
| on that belongs not to our preſent purpoſe) prepar'd; which, I 
ſuppoſe, I ſhew'd Your Lordſhip, and which had the luck to be 
taken notice of by divers very Ingenious and Famous Men. For 
this Liquor, though moſt of its Ingredients be Metals, and all 
of them poncerous enough, is yet of that nature, that whil'ſt the 
Viol wherein it is kept is ſtopr (how ſlight a Cover ſoever) both 
the Liquor and the Glaſs are tranſparent z and (ois that upper half 
of the Glaſs to which the Liquor reachcth not : But aflooa as ever 
thz ſtoppleis taken out, and full accels is given to the external 
Air, both the inward part of the Cork, and the Liquor it ſelf, 
do preſently ſend upwards, and (catter abroad a tume as thick and 
white, as if there were a quantity of Alablaſter-duſt thrown up 
into the Air: And this ſmoking of the Liquor laſts till my un- 
willingneſs co waſte it invites me to ſtop it again, and then the aſ- 
_ of the fumes ſuddenly ceaſeth, till the Viol be again un- 
op'd, 

This fuming Liquor then I thought would much conduce to 
the diſcovery I defir'd to make, ſince it ſav'd me the need of con- 
veying any hot Body with it into the Receiver, and would not 
darken 1t with fumes before the time. Wherefore baving ty'd to 
the Viol a great weight of Lead, to keep it from being lifted up 
by the _ out of the Cork ; and having ty'd to the ſtopple 
one end of a ſtring, of which the other end was made faſt to the 
Cover of the Pneumatical Glaſs, the Liquor was carefully cloſ'd 
up after the wonted manner; then the Air being diligently pump/'d 
out, the Viol was unſtop'd inthe empty 'd Receiver. And though 
immediately, upon the drawing out of the Cork, there appear'd 
to be as it were chrown up ſome white fumes, which ſeem'd to 
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proceed from the Air before impriſon'd in the Viol, and diffuſing 
t ſelt ſuddenly into the capacity of the Receiver : Yet we atter- 
ward obſerv'd, as we expected, That the fumes did not mount 
and diſperſe themſelves as they uſe to doin the open Air ; but 
that, when by reaſon of the agitation of the Corpuſcles of the 
Liquor, which could not continue their motion in ſo narrow a 
ſpace as the Viol afforded them, and were therefore reduc'd to 
thruſt one another out of it, when, I ſay, by thele affiſtances 
the fumes were aſcended to the lip of the Viol, they mounted no 
higher, but ran down along the out-1f14e of che Viol ro the bot- 
tom of it; and thence along, along and incliaing piece of Lead, 
on which the Viol reſted, like a little Stream (not very much 
bigger then a Swans Quill) whoſe nature they ſcem'd to emulate 
ſo well, that it quitted not the Viol till it was come to the bottom 
of ir, and then forſook it in ſuch a manner as a ſtream of Water of 
the ſame bigneſs would have done. And this ſtream laſted a 
pretty while, and would probably have laſted longer, but that 
being loath ro waſte my Liquor, I let in at the Stop- cock a pretty 
deal of the external Air 5 notwithſtanding which,. finding after a 
while that the ſtream d1d run afreſh, though, as it ſeem'd not alto- 
gether ſo copious as before; I let as much more Air,as would,come 
- 1n: and found (ſomewhat to my wonder) that though the ſtream 

formerly mention'd diſ-appear'd, yet there appear'd not any white 
fumes to ariſe, either from the Cork, or our of the Viol it-(elf, 
no not when the Cover was remov'd from the Receiver; though 
not onely after a while there aſcended white fumes from the Re- 
celver: but having forthwich taken out the Viol into the open 
Air, it emitted white exhalations as before ; and having preſently 
after unſtopp'd it in an open Window, we found both it and the 
Cork immediatly to ſend forth a yet much more plentiful ſmoak: 
Though it be now divers years fince this Numerical Liquor was 
prepared, after the manner mention'd either by Carnetades or Elex- 
therius (tor I do not well remember which) in thoſe Dialogues 


concerning Heat and Flame that have above been mention'd. 
More 
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More Circumſtances concerning theſe Fumes we might have 
obſerv'd, had we not been deterr'd by an Indiipoficion in point 
of health, from having much to do with ſteams of ſo dangerous a 
nature, as by that of the Ingredients of this Liquor theie ſeem 
likely to be of. 

The RefleRions that may be made upon this Experiment, we 
have not now the leaſure to proſecute, and therefore ſhall content 
our ſelves to recommend the ſeveral Circumſtances of it to Your 
Lordſhips ſerious conſideration z and to take notice (ep p«ſ[ant ) 
that ſteams in an ambient Body, or a medium thinner then them- 
ſelves, may both tend downwarcs, and otherwiſe emulate the na- 
ture of a Liquor , which I cheretore point at, thatic may appear 
the leſs ſtrange, it we ſometimes ſpeak of the Atmoſphere as of 
a kinde of Liquor, in compariſon of that more thin and ſubtle 
Celeſtial Matrer that ſurrounds it. 

And though it might perchance ſuffice to haye on this occaſion 
intimated thus much; yet, leſt this way of ſyeaking of the At- 
moſphere ſhould be thought too bold and extravagant, I am con- 
tent to borrow an Experiment of the Diſcourſe formerly men- 
tion'd (touching fAluidity and firmneſs) and ſubjoynit here with al- 
terations ſuitable to the contrivance of our Engine; and this the 
rather, becauſe I hope it may conduce to the diſcovery of the na- 
tureof the Atmoſphere: for which reaſonic might have been 
annext to what hath been noted either upon the firſt, or eighteenth 
Experiment, but that when they were written and ſent away, it 
came not into my minde. The Experiment then as we try'd in 
our Engine, was as follows. 


EXPERIMEN T XXX. 


VV Erook one of the (mall Receivers, often mention'd al- 

ready, and{into it we convey'd a piece of well lighted 
Match; and letting it remain there till it had fil 'd the Receiver 
with ſmoak,we took it out & haſtily cloi*d again the Receiver, that 
the (moak might not get away, Then ſtaying awhile tolet thele 
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fomes leiſurely ſubſide, we found, as we expeRed, that after ſome 
time they ſerled themſelves in the lower half of the Recciver, in 
a darkiſh Body, leaving the upper halt of the Receiver tranſparent, 
and as to fight, full of nought but clear Air. Now to manifeſt 
that this (moak thus ſerled emulated a Liquor, we inclin'd the En- 
vine that contain'd it, ſometimes to one ſide, and ſometimes to the 
other ; and obſerv'd the ſmoak to keep its ſurface almoſt Horizon: 
tal,norwithſtanding the ſtooping of the Veſlel that held it, as Wa- 
ter, or another Liquor would in the like cafe have done. And if by 
a quicker rocking of the Engine the ſmoak were more [wittly thas 
ken, it would, like W ater, either vibrate too and tro from one {ide 
to the other of the Glals, or elſe have its ſurface manifeſtly curll'd 
with Waves, but preſerve its ſelf in an entire and diſtin Body 
from the incumbent Air; and being permitted toreſt a while, 
would ſoon recover its former ſmooth and level ſuperficies. It alſo 
the Key were turn'd and the Valve unſtopp'd, fo that there was a 
free, though but a narrow paſſage open'd betwixt the external Air 
and the cavity of the Receiver, then would ſome of this {moak 
fall down, as it were, in aſtream into the ſubjacent Cylinder, and 
a proportionate quantity of the outward Air, would manifeſtly 
aſcend through it into the incumbent Air, much after the ſame 
manner as1f you inverta Viol with a long Neck, and well f1l'd 
with Red- Wine, intoa Glaſs full of fair Water, you ſhall (ee the 
Woarerand Wine by degrees 'mingle with one another ; the one 
falling down as it were in little colour'd ſtreams, and the other aſ- 
cending in its room in the like curled ſtreams, ſometimes prece- 
ded by round parcels of Water, which, by reaſon of their tranſpa- 
rency, look almolt l:ke bubbles, The other circumſtances of this 
Experiment, belonging not all of them to our preſent purpoſe, we 
ſhall content our ſelves with taking notice of one which ſeems the 
moſt important, and may illuſtrate an1 confirm ſome things for- 
merly delivered. And it was, Thatif, when the ſwperficies of our 
ſmoak lay ſmooth and Horizontal, a hot Iron were held near the 
outſide of the Receiver, the Neighboring part of the included 
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fumes (for the reſt did not very much alter their former ſupey- 
ficies) being rarified by the heat, would readily aſcend in a 
Jarge Pillar of ſmoak to the very top of the Receiver, yet 
without ſeeming to looſe a diſtin ſuperficies, or to be con- 
founded with Air ; below which, upon the receſs of the adven- 
citious heat that by agitating it impell'd it upward, it would a- 
gain ſubſide, 

All which being added to the late Experiment of the ſmoking 
Liquor, and to what may be from that which hath been elſewhere 
ſaid, gather'd to the ſame purpoſe, will, I hope, keep ir at leaſt from 
appearing abſur'd, lt, ſince weſee that there is ſo great an ine- 
quality in the denſity and weight of Liquors, that Water is neer 
fourteen times thinner or lighter then Quick-filver of the ſame 
bulk ; and well dephlegm'd Spirit of Wine, yet mach lighter 
then Water, we venter to ſpeak ſometimes of the Atmoſphere, as 
if it were a peculiar kinde of thin and halitious Liquor (it I may 
ſo call it) much lighter then Spirit of Wine. 

To theſe things I know not whether it will be requiſite to adde, 
That as we lately took notice of con{picuous Waves that appear'd 
upon the ſuper ficies of our agitited ſmoak : So ſome ſuch thing 
may not abiurdly be conjectur'd to happen on the ſuperficies of 
the Atmoſphere, by thoſe ſtrange ruggedneſles that appear (eſpe- 
cially inthe Spring and Fall, when Exhalations and Vapors are 
wont to aſcend moſt plentifully) upon the limb or edge of the 
Riſing and Setting Sun. I ſpeak thus diffidently upon this occa- 
ſion, becauſe I know, that by the Fluctuation or Boyling of the 
Suns own ſuperficies, divers eminent Mathematicians have plauſt- 
bly enough (but how truly, Ileave Your Lordſhip to judge) en» 
deavor'd to give an account of it. But if we will joyo with thoſe 
that have aſcrib'd of late this Phenomenon,to the retraftion of the 
Sun-beams ſuffer in our yapid air,we may, as hath been intimated, 
promote their Doctrine, by deducing from it, That probably the 
ſurtace of the Armoſphere is oftentimes(it not always)exceedings» 
ly curll'd or wav'd. And certainly it is /\omewhat wondertul,as well 
& very pleaſant to behold, how, to him that looks upon the ſer- 
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ting Sun through a long and excellent Teleſcope, there will nox 
onely appear ſtrange inequalities in the edge of it (inſomuch that 
I have often ſeen it more indented then a Saw) but thole inequa« 
lities will vaniſh in one place, and preſently appear in another, and 
ſeem perfetly to move like Waves ſucceeding and deſtroying 
one another, ſave that their motion oftentimes ſeems to be quick- 
eſt, as if inthat vaſt Sea they were carryed on by a Current, or 
at leaſt by a Tide. And this (as we elſewhere note) appears to 
the Eye, not onely when it looks diredtly through the Teleſcope 
upon the Sun; but alſo when a large and well defin'd Image of 
the Sunis by the ſame Teleſcope brought into a Room and caſt 
upon a ſheet of white Paper. But to irfiſt on this were to 
digreſs: and therefore I will proceed tro Experiments of ano. 
ther kinde. 
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EXPERIMENT XXXI. 
T hath been admir'd by very ingenious Men, that if the exqui- 
ſitely poliſh'd ſurfaces of two flat pieces of Marble, be ſo con- 

gruous to each other, that from their mutual application there will 

reſult an immediate conta, they will ſtick ſo faſt together, that 
he char lifes up thzuppermoſt, ſhall, if the undermoſt be not ex- 
ceeding heavy, lift up that too, and ſuſtain ic aloft in the free 

Air. Aprobable caule of this ſo clole adheſion, we have elſe- 

where endeavored to deduce from the unequal preſſure of the Air 

upon the undermoſt ſtone; For the lower ſupeyficies of that ſtone 
being freely expoſ'd to the Air, is preſl'd upon by it, whereas the 
uppermoſt {urface, being contiguous to the ſuperior itone,is there- 
by defended from the preſſure of the Airzwhich conſequently preſ- 
{ing the lower ſtone againſt the upper, hinders it from falling, as 
ve have elſewhere more tully declar'd. Upon thele grounds we 
conjecatur'd, that in caſe we could procure two Marbles exa&tly 
ground to one another, and in caſe we could alſo ſufficiently evas 
cuate our Receiver , the lower ſtone would, for want of the 
wonted and ſuſtaining preſſure of the Air, tall from the upper. 
But 
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- But the farther tryal of chis Experiment we muſt, unleſs Your 


Lordſhip think it worth Your making at Pars, put off cill afit- 
ter opportunity. For where we now are, we cannot procure Mar- 
bles ſo exactly ground, that they will ſuſtain one another in the 
Air above a minute or two, which is a much ſhorter time then the 
emptying of our Receiver requires, We did indeed try to make 
our Marbles ſtick cloie together, by moiſtening their poliſh'd ſur- 
faces with re&ifh'd Spiritof Wine, io regard that Liquor, by its 
ſudden avolation from Marble, if powr'd thereon, without leaving 
it moiſt or leſs ſmooth, ſeem'd unable to ſuſtain them rogether 
after the manner ot a glutinous Body, and yet ſeem'd ſufficient to 
exclude and keep out the Air. Bur this we try'd to little pur- 
pole, for having convey'dinto the Receiver two black ſquare Mar- 
bles (the one of two Inches and a third in length or breadth, 
and ſomewhat more then halt an Inch in thickneſs: Theother of 
the ſame «extent, but not much above half ſo thick) faſten'd to- 
gether by the intervention of pure Spirit of Wine; and having 
{uſpendes the thicker by a ſtting from the cover, we found not 
that the ex(ucticn of the ambient Air would ſeparate them,though 
a weight amounting to four Ounces were faſten'd to the lowermoſt 
Marble to facilitate its falling off. 

I would gladly havethe Experiment try'd with Marble, ſo well 
poliſh'd, as to need no Liquor whatſoever to make them cohere, 
and in a Veſlel out of which the Air may be more perfectly drawn 
then it was out of oars. But in the mean time, though we will not 
cetermine whether the ſpirit of Wine did contribute to the ſtrong 
cohe(10n of thele ſtones, otherwiſe then by keeping ev'n the ſub- 
tleſt parts of the Air trom getting in between them : yet it ſeem- 
£d that the not falling dowa of the lowermoſt Marble, might, 
withour improbability, beaſcrib'd to the preſſure of the Air re- 
main'ng in the Receiver;which,as we formerly noted, having been 
able ro keep a Cylinder of Water,ot above a Foot in height, from 
talling to the bottom of the Tube, may well enough be ſuppol'd 
capable of keeping ſo broada flat Marble from — ns 
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though this may ſeem aſtrange proof of the ſtrengrh of the ſpring. 


of the Air,ev'n when rarefied, yet it will ſcarce ſeem incredible tg 
him that hath obſerv'd how exceeding ſtrong a coheſion may be 
made betwixt broad Bodys,onely by their immediate touching one 
antoher. A notable inſtance of which,I have met with in this ſhare 
Narrative of the Learned Zucchins, Fuveni (ſaith he) lacertorum 
>. Nic, [#0rum robur jactanti propoſits ſemel eſt laming erea, per anſamin 
Zucchius medio extantem apprehenſam elevandae tabula marmorea, cut opti» 
apud $chot: me congruebat : qui primo tanquam rem ludicram putero commilten- 
Five: ty. 4am contempſit : tum inſtantibus amicis manum utrimque admo- 
drauly. wuens, cumluttatus din herentem non removiſſet, excuſavit imp 
pem. tentiam, objetta peregrini & potentiſsimi glutinis inter poſitione, qua 
fortiſsime copulante nequiret divelli;, donec vidit ab alto per cle 
lam facilime laminam 4educi, & ad extrema produttam, & attam 
in tranſverſum inde deportari. But that we may learn from our own 
Engine, that two Bodies, — couch each other but in a 
ſmall part of their ſurfaces, may be made to cohere very ſtrongly, 
onely by this, That the Air preſſes much more forcibly upon the 
interior ſuperficics of the lowermoſt Body, then upon the upper 
ſurface of the ſame: We will hereunto annex the following Expe: 
riment, though out of the order wherein they were made. 


ys EXPER IMENT XXXIL 


] Remember I have, in a Diſcourſe touching Fluidity and Firm? 

neſs, made mention of my having, by the exſuction of the 
Air out of a Glaſs Veſſel, made that Veſlel take up,or ſuck up (to 
ſpeak in the common Language) a Body weighing divers Ounces; 
but our Engine affording us the opportunity of making confider- 
abler Experiments of that kinde, We thought fit to make a far- 
ther tryal of the force of the Armoſphere's preſſure upwards, af- 
cer the following manner. 

The Receiver having been exquiſitely clo('d, as we haveof- 
cen twghtalready, and the Air being in a good meaſure drawn 


our of 1t, it was remov'd from off the Pump: and to the lower 
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Branch of the Stop-cock, there was ſpeedily apply'd a taper- 
ing Valve of braſs, ſuch as 1s deſcribed in the 9* fig: madefit ro 
o with its narrower end into the cavity of the brznch, and to fill 
the Orifice of that cavity with its broader part. And that the Air 
might not get in at the little intervals, left here and there between 
the convex ſurface of the ſtopple and the internall edge of the 
branch, thoſe intervals were ſtop't with alittle Diachylon, And 
tothe doore, or, (if you pleaie) that part of the Valve which 
was to move toandfro, and inthis Experiment hung perpendi- 
cular to the Horizon, there was, at a button of braſs belonging 
to the Valve, taſten'd a broad (cale wherein weights were to be 
put, This done the key of the Stop-cock was turn'd , and the 
externall Air beating like a forcible ſtreame upon the Valve to get 
inthere, it did ſuddenly both ſhut the Valve and keep it ſhut (0 
ſtrongly , that wehad time co caſt in diverſe weights one atter a- 
nother into the Scale ; til at length the weight overpowering the 
preſſure ot the Armoſphere, drew downe the Valve by the ſtrings 
that tyed the Scale ro it, andgave liberty tothe outward Air to 
ruſh into the Receiver. Though another time, when the Valve 
had but little weight hanging at it, being, by I know not what 
accident, drawn down beneath its former place, it was by the 
impetuous current of the outward Air ſuddenly impell'd up in- 
to it again , and kept there. Butin the tormer Experiment it 
iStemarkable, Thar though the Receiver were not well exhauſt - 
ed, and though ir leak'd whi!'ſt the reſt of the Experiment was 
inproſecution , and though the Valve whereon the Cylinder of 
the Atmoſphere could preſs, were not above an Inch and a halt 
in Diameter, yet the weight kept up by ſuction, orrather ſup- 
ported by the Air, (namely the Valve, the Scale and what was 
caſt our of ir, ) being ſent ro be weigh'd, amounted to about ten 
of our common Pounds , conſiſting of ſixteen Ounces a piece : 
So that we doubted not but thar, had the Experiment been made 
vith favorable Circumſtances , the Air endeavoting to preſs in 
at the Orifice of the Stop- cock, would have kept a very much 
greater weight trom talling our ofit; Ifay the Air, becauſe we 
R found, 
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found, by tryal purpoſely made, that neither the imperfeR 
contadt of the Valve and the Stop-cock, nor the Diachylon that 
was employ'dto fill up the little Crannies left betwixt chem,were 
conſiderableſin this Experiment, By which it may, among other 
things, appear, that I didnot without cauſe in the above-named 
Diſcourſe touching Fluidity and Firmneſs, aſcribe a great force, 
even to ſuch Pillars of Air as may be ſuppoſed to begin at the 
top ofthe Atmoſphere, and recoyling from the ground, to ter- 
minate on the Bodies on which they prefs : ftnce in the pre- 
ſent Experiment ſuch a weight was ſupparted by ſo flender a 
Cylinder of Air, rebounding from the Earth co che Valve wher- 
on it did beare» 


— — 


EXPERIMENT XXXLL 


BY: inregard we have not yet been able to empty ſo great a 
Veſſel as our Receiver, ſo well as we canthe Cylinder it 
felfe ; our Pump alone may afford us anobler inſtance of the force 
ofthe Air we live in, inſomuch, that by help of this part of our 
Engine, we may give a pretty neargheſs at the ſtrength of the At- 
=. xx , computed 25 a weight. And the way may be this 
Furſt, the Sucker being brought to move eafily up and down the 
Cylinder , is to be impelled to the cop of it : Then the Receiver 
muſt be taken oft from the Pump , that the upper Orifice of the 
Cylinder remaining open, the Air may treely ſucceed the Sucker, 
and therefore readily yield to its motion downwards. This done, 
there mult be faſtn'd to one of the Iron Teeth of the Sucker, ſuch 
a weight as may juft fuffice co draw it to the bottora of the Clin» 
der, And having thasexamin'd what weight is neceſſary ro draw 
down the Sucker, when the Armoſphere makes no other then rhe 
ordinary refiſtince of the Air againſt its defcent ; the Sucker muſt 
be "gain forc'd ro the top of che Cylinder, whoſe upper Orifice 
maſt now be exadtly ctoſed; and then(the firſt weighc remaining} 
we eafily may, by hanging a Scale to-the above mention'd hon 
(chat makes part of the Sucker ) caſt in known weights fo log, 
ul} in ſpight. of the reluAancy of the Armoſphere the _ be 
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drawn down, For to theſe weights in the Scale, rhat of the 
Scale it ſelf being added, the ſum will give us the weight of 
a Column of Air, equal in Diameter to the Sucker, or to the 
cavity of the Cylinder , and in length to the beighth of the At- 
moſphere. | 
According to this method we did, fince the writing of the laſt 
Experiment, attempt to meaſure the preſſure of the Atmoſphere, 
but found it more difficult then we expeRed, ro performeit with 
any accurateneſs , tor though by the help of the Mannbrinm the 
Sucker moved up and down with ſo mucheaſe;, that one would 
have thoughe that both its convex ſurface, and the concave one 
ofthe Cylinder were exquiſitely ſmooth, and as it were ſlippery 
yet when the Sucker came to be moyed onely with a dead weight 
or preſſure ( that was not (like the force of him that pumped) 
intended as occaſion required ) we found that the little rutneſſes 
or other inequalicies, and perhaps too, the unequal preſſure of the 
Leather againſt the cavity of the Cylinder,were able,nowand then, 
to put a ſtop to the deſcent or aene of the Sucker, though a 
very little external help would eaſily ſurmount that impediment z 
and then the Sucker would, for a while, continue its formerly in- 
terrupted motion , though that aſſiſtance were witherawn, But 
this diſcouragement did not deterre us from proſecuting our Ex- 
periment, and endeavoring, bya careful trial, to make it as in- 
ſtrutive as we could, We tound then that a Leaden Weight, of 
28 pounds ( each conliſting of ſixteen Ounces ) being faſtned to 
one of the teeth of the Sucker , drew it downe cloſely enough, 
when the upper Orifice of the Cylinder was left open: though 
by the help of Oyl and Water , and by the frequent moving 
the Sucker up and down with the Manubriam , its motion inthe 
Cylinder had been betore-purpoſely tacilitated, This done, the 
upper Orifice of the Cylinder was very carefully and cloſely ſtop- 
ped, the Valve being likewiie ſhut with its wonred Stopple well 
oyl'd, after the Sucker had been again impell'dup to the top of 
the Cylinder. Then to the precedent twenty eight pound, we 
added a hundred and twelve pounds more, which forcing down 
S TH che 
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the Sucker, though but leiſurely, we took off the twenty eight 
pound weight ; and being unable to procure juſt ſuch weights 
as we would have had, we hung on, inſtead of it, one of four. 
teen pound: but found that, with the reſt , unable to carry down 
the Sucker, And to ſatisfie our (elves, and the Spectators, that ir 
was the reſiſtance of the ambient Air that hinder'd the delcent of 
ſo great a weight, after that we had try'd that upon unſtopping the 
Valve, and thereby opening an acceſs ro the external Air, the 
Sucker would be immediately drawn down. After this, I ſay, we 


made this farther Experiment , That having by a Man's ſtrength 


forcibly depreſl*d the Sucker to the bottom of the Cylinder, and 
then faſtned weights,to the above nmed Iron that makes part of 
that Sucker, the preſſure of the external Air finding little or 
nothing in the cavity of the evacuated Cylinder to refiſt it, did 
preſently begin to impell the Sucker , with the weights that 
clogg'd it, towards the upper part of the Cyliacer , till ſome 
ſach accidental Impediment, as we formerly mention'd, check'd 
its courle. And when that rub, (which ezfily might be,) was ta- 
ken out of the way, it would continue its alcent to the top, tothe 
no {mall wonder of thoſe By- ſtanders, that could not comprehend 
how ſuch a weight could aſcend, 2s it were, of it ſelt ; that is, with- 
out any inviſible force , or ſo much as Suction to lift it up. And 
indeedit is very conſiderable , that though poſſibly there might 
remain ſome particles of Air in the Cylinder , after the drawing 
down of the Sucker ; yet the preſſure of a Cylinder of the Armo« 
{phere, ſomewhar leſs then three Inches in Diameter (for, as it 
w3s ſaid inthe deſcription of our Engine, the cavity of the Cy- 
linder wzs no broader) was able, uncompreſl'd, not only to (u- 
ſtain, but even to drive up a weight of an hundred and odde pounds: 
for beſides the weight of the whole Sucker it ſelf, which amounts 
to ſome pounds, the weights annexed to it made up an hundred 
an1 three pounds, beſides an Iron Bar, that by conjecture weighs 
ed two pounds more; and yet all theſe cogether tall ſomewhat 
thort of the weight which we lately mention'd, the reſiſtance of the 
Air,to have held ſulpendedia the cavity of the Cp linder. 

And 
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And though { as hath been already acknowledg'd ) we can- 
not peradventure, obtain by the recited means ſo exact anaccount 

/ as were to be wiſh'd, of what we would diſcover: Yet, if it 

/ ſerve us to ground Conjectures more approaching to the Truth, 
then we have hitherto met with,I hope it will be conltder'd (which 
2 famous Poet judicioutly fayes ) 


Eſt quoddam prodire tenus, ſi non datur ultra. 


Peradventure it will not be impertinent to annex to the other 
Circumſtances that have been already ſet down concerning this 
Experiment, That it was made in Winter, in Weather neither 
Froſty nor Rainy , about the change of the Moon , and at a place 
whoſe latitude is near about 5 1% and a half: For perhaps the force 
or preſſure of the Air may vary , according to the Seaſons of the 
Year , the temperature ot the Weather, the elevation of the 
Pole, or the phaſes of the Moon all, or even any of them ſeem. 
ing capable to alter either the heighth or conliſtence of the incum- 
bent Armoſphere: And therefore it would nor be amiis if this 
Experiment were carefully tryed at ſeveral times and places, with 
variety of Circumſtances. Ir might alſo be tryed with Cylinders 
of ſeveral Diameters, exquificely fitted with Suckers , taat we 
might know what proportion ſeveral Pillars ofthe Atmoſphere 
bexr, to the Weights they are able to ſuſtain orlitr up; and 
conſequently , whether the increaſe or decrement of therefiſtance 
ot the ambient Air, can beieduced to any regu'ar proportion 
to the Diameters of the Suckers: Thele , and divers other ſuch 
things whica may betry'd with this Cylincer, might moſt of 
them be more exactly try'd by the Torricelliin Experiments, if 
we could get Tubes ſo accurately blown and drawn, that the 
Cavity were pertely Cylindrical, 

To awell upon all che ſeveral Refleions, thar a ſpeculative 
Wir might make upon this and the foregoing Experiment , (I 

mean the thirty third and thirty ſecond ) would require almoſt 
a Volume; whereas our occaſions will ſcarce allow us time 
to touch upon three or tour of the chiet Iatcrences = 
Cem 
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ſeem deducible from them , and therefore we ſhall content onr 


ſelves to point at thole few. 

Andfirſt , as many other Phenomens of our Engine, ſo eſpe- 
cially , the two lately mention'd Experiments, ſeem very much 
to call in queſtion the received Opinion of the Nature or Cauſe 
of Suction. For 'its true indeed, that when men ſuck, they 
commonly uſe ſome manifeſt endeavour by a peculiar motion 
of their Mouthes, Cheſts, and ſome other conſpiring parts, to 
convey to them the body to be ſuckt in. And hence perhaps 
they have taken occaſion, to think that in all SuRion there 
muſt be ſome Endeavour or morion in the ſucking to attra@t the 
ſucked Body.. But in our laſt Experiment it appears nor at 
all how the upper part of the empty'd Cylinder that remaines 
moveleſs all the while, or any part of it, doth at all endea» 
your to draw to it the depreſſed Sucker and the annexed weights, 
And yet thoſe that bebold the aſcenſion of the Sucker , without 
ſeriouſly conſidering the cauſe of it, doe readily conclude ic 
to be raiſed by ſomething that powerfully Sucks or attracts it, 
though they (ce not what that may be or where it lurks. So 
that it ſeems not abſolutely neceſſary to Suftion, that there be 
in the Body, which is faid to ſuck, an endeavour or motion 
in order thereunto, but rather that Suction may be ar leaſt for 
the moſt part reduced to Pulſion, and its effeRts aſcrib'd to ſuch a 
preſſme ot the neighboring Air upon thoſe Bodies (whether A&- 
rial,or of other natures)that are contiguous to the Body that is ſayd 
ro attract them,as is ſtronger, then that Subſtance,which poſſeſſerh 
the cavity of that ſucking Body,is able to reſiſt, To obje& here, 
that it was ſome particles of Air remaining in theempryed Cylin- 
der that attrated this weight to obviate a Yacuwm , will ſcarce 
be (atisfaRory ; unleſs it can be cleerly made out by whar lit- 
tle hooks , or other grappling Inſtruments, the internal Air 
could take hold of the Sucker ; how fo little of it obtained the 
force to lift up ſo greata weight z and why alſo, upon the letting 
in of a little more Air into one of our evacuated Veſlels , the at- 
traction is, maſtead of being ſtrengthened, much _— 
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though, if there were danger of a YJacaum before, it would re- 
main, notwithſtanding this ingreſs ofa little Air. For that till 
there remained 1n the capacity of the exhauſted Cylinder ftore 
of littlerooms, or ſpaces empty or devoid of Air, may appear 
by the great violence wherewith the Air ruſheth in, ifany way be 
open'd toit. And that 'tis not ſo much the decrement of the 
Vacuum within the cavity of the veſlel that debilitates the attra- 
ion , as the Spring of the included Air ( whoſe preſence makes 
the decrement} that doth ir by reſiſting the preſſure of the exrer= 
nal Air, ſeems probable, partly from the Diſability of vacuiries, 
whether greater or leſſer, to reſiſt the preſſure of the Air, and 
partly by ſome of the Phenomena of our Experiments , and par- 
ticularly by this Circumſtance of the three and Thirtierh, that the 
Sucker was,by the preſſure of the Ambient Air,impell'd upwards 
with its weight hanging at it , not onely when it was inthe bot- 
tome of the Cylinder , and conſequently lett a great Yacuwm in 
the cavity of itz but when the Sucker had been already impell'd 
almoſt to the top of the Cylinder, and conſequently,” when the 
Facuum that remain'd was become very little in compariſon of 
that which preceded the beginning of the Sucker's aicenſion. 

In the next place, thele Experiments may teach us, what 
tojudge of the vulgar Axiom received for fo many Ages as an une 
doubted Truth in the Peripatetick Schools ; That Nature ab- 
horres and flyetha Yaewem, and that to ſuch a degree, that no 
humane power ( to go no higher) is able to make one in 
the Univerſe; wherein Heaven and Earth would change places , 
and all irs other Bodyes rather a comtrary to their owne Na- 
ture, then ſuffer it. - For, if by a Yacuum we will underſtand a 
place perfeAiy - devoid of all corporeal Subſtance, it may indeed 
then, as we formerly noted, be plauſibly enough maintained 
that there is no {ach thing in the world z but that che generality 
ofthe Plenifts , ( eſpecially till of late yeares ſome of them grew 
nore wary ) did nortakea Yacunm im io ſtrift a Senſe, may ap- 

by the Experiments formerly, and ev'nto this Day imploy'd 
by the Deniers of aY acuarm, to Prove it impoſſible chat. there 
cal 
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can be any made. For when they alleadge ( for Inſtance ) that 
when a man ſucks Water through along Pipe, that heavy Li- 
quor, contrary to its Nature, aſcends into the Sucker's mouth, 
only , to fill up that room made by the Dilatation of his Breſt 
and Lungs , which otherwiſe will in part be empty. And when 
they tell us, thar the reaſon why if a long Pipe exactly clos'd 
at one end be filled rop-full of Water , and then inverted, n9 
Liquor will fall out of the open Orifice; Or, touſe a more fa- 
miliar Example, when they teach , that the cauſe, why in a Gar- 
diner's watering Pot ſhaped conically, orlike a Sugar- Loat, fill'd 
with Water , no Liquor fals down through the numerous holes 
at the bottome , whilſt the Gardiner keeps his Thumb upon the 
Orifice of the little hole at the top, and no longer ; muſt be that 
if in the caſe propoſed the Water ſhould deſcend, the Air be- 
ing unable to ſucceed it , there would beletr at the upper and de- 
ſerted part of the Veſlel a Facuum, that would be avoided it the 
hole at the top were open'd. When ( I fay ) they alleadge (uch 
Experiments, the Tendency of them ſcems plainiy to import, 
that they mean, by a Yacuum, any (Pace here below that 1s not 
filled with a vifible body , or at leaſt with Air though it be not 
quite cevoy'd of all Body whatſoever. For why (hould Nature, 
out of her deteſtation of a Vacuum , make Bodies att contiary to 
their own Tendency , that a place may be fill'd with Air, if its 
being ſo were not neceſlary to the avoiding of a Yacuum. 

Taking then a Yacunum inthis vulgar and obvious ſence, 


the common opinion about ir ſeews lyable to feveral Exce- - 


ptions, whereot ſome ot the cheit are ſuggeſted to us by our 
Engine. : 

It will not eaſily then be intelligibly made out, how hatred 
or averſation, which is a paſſion of the Soule, can either for a 
Vacuum, or any other object, be ſuppoſed to be in Water, or 
ſuch like inanimate Body, which cannot be preſumed to know 
when a 7acuum would enſue; if they did not beſtirre themſelves 
to preventit: norto beſo generous as to act contrary to what 


5 moſt conducive to their own particular preſervation for the 
pub- 
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publique good of the Univerſe. As much then of intelligible 
and probable Truth, as is contain'd in this Metaphoricall Ex- 
preſſion , ſeems to amount buttothis ; That by the Wiſe Au- 
thor of Nature (who is juſtly ſayd ro have made all things in 
number , weight, and meaſure,) the Univerſe, and the parts of it, 
are ſo contriv'd, that itis as hard to makea Yacuum init, as if 
they ſtadiouſly conſpir'd to prevent it, And how far this it ſelf 
may begranted, deſerves to be farther conſider'd. 

For in the next place, our Experiments ſeem to teach, that the 
ſuppoſed Averſation of Nature toa Vacuum is but accidental , 
or in conſequence, partly of the Weight and Fluidicy, or, at 
leaſt,] Fluxility of the Bodies here below, and partly, and per- 
haps principally , of the Spring of the Air, whoſe reſtleſs en- 
deavour to expand it ſelfevery way, makes it either ruſh in it ſelf, 
or compel the interpoſed Bodies into all ſpaces, where it finds no 
greater reſiſtance then it can ſurmount, And that in thoſe mo- 
tions which are mide ob fugam Yacui (as the common phraſe is) 
Bodies A& without ſuch generoſity and Conſideration, as is 
wont to be aſcrib'd to them, is apparent enoughin our 324 Expe- 
riment, where the torrent of Air, that ſeem'd to ſtrive to get into 
the Empty'd Receiver, did plainly prevent its own Defigne by (o 
impelling the Valve, as to makeit ſhut the onely Orifice the Air 
was toget Out at, And if afterwards either Nature, or the in- 
ternal Air, hada deſigne the external Air ſhould be attracted , 
they ſeem'd to proſecute very unwifely by continuing to ſuck 
the Valve ſo ſtrongly z when they tound that by that Suction 
the Valve it ſelfe could not be drawnin: Whereas by forbea« 
ring to ſuck,the Valve would by it's own weight have fall'n down, 
and ſuffer'd the excluded Air to returne freely, and to fill again 
the exhauſted Veſlel, 

And this minds me to take notice of another deficiency , poin- 
ted at by our Experiments in the common Dodrine of thoſe 
Pleniſts we reaſon with; for many of thoſe unuſual motions in 
Bodies, that are ſayd to be made to eſcape a Yacuwm, ſeem ra- 
ther made to fillit, For why, to + in our newly mention'd 
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Experiment , aſſoon 2s the Valve was depreſſed by the weighe 
we hung at it, ſhould the Air ſo impetuouſly and copiouſly ruſh 
into the cavity of the Receiver; it there were betoreno vacant 
room there to receiveit ? and if there were, then all the while the 
Valve kept out the Air, thoſe lictle ſpaces in the Receiver, which 
the corpuſcles of that Air afterwards fil'd, may be concluded to 
have remain'd empty, So that the ſeeming violence, imploy'd 
by Nature onthe occaſion of the evacuating of the Veſlel , ſeems 
to have come too late to hinder the making of Vacuities in the 
Receiver, and only to have, afloon as we permitted, fill'd up 
'with Air thoſe that were already made. 

And as for the Care ofthe Publique Good of the Univerſe a(- 
crib'd to dead and ſtupid Bodies , wee ſhall onely demand, why 
in our 19* Experiment , upon the Exſuction of the ambient Air, 
the Water deſerted the upper halt of the Glaſs- Tube, and did 
not aſcend to fill itup, till the external Air was let in upon it: 
whereas by itseaſy and ſudden regaining that upper part of the 
Tube, ir appeared both that there was there much ſpace devoid 
of Air, and that the Water might with ſmall or no reſiſtance 
have aſcended intoit, if it could have done (o without the impal- 
fion of the readmitted Air , which, it ſeems, was neceſſary to 
mind the Water of its formerly negleted Duty to the Univerſe. 

Nay, for ought appeareth, even when the excluded Air, al- 
ſoon as *twas permitted, ruſh'd violently into our exhauſted Re- 
ceiver, that flowing in of the Air proceeded rather from the 
determinate Force of the Spring of the neighbouring Air , then 
from any endeavour to fill up, muchleſs to prevent vacuity's, 
For though when as much Air as will, is gotten into our Re- 
ceiver our preſent Opponents take it for granted that it is full of 
Airs yetif it beremembred that when we made our 19 Expe« 
riment we crouded in more Air to our Receiver then it uſually 
holds, and if we allo conſider ( which is much more ) that the 
Air of the ſame conliſtance with that in our Receiver may in winds 
guns, 2s is known, and as we have tryed, be compreſled at 
tealt into halfe its wonted room(l ſay at leaſt, becauſe ſome —_ 
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that the Air may be thruſt into an $*, ora yet ſmaller part of 
its ordinary extent ) it ſeems neceſſary to admit either a notion 
of conduatiricn and rarefaQtion that is not intelligible, or that in 
the capacity of our Receiver when preſumed to be tull of Air, 
there yet remain'd as much of ſpace as was taken up by all the A- 
erial corpuſcles, unpoſleſſed by the Air. Which ſeems plainly 
to infer that the Air that ruſh'd into our empty'd veſſel did not dot 
it preciſely to fill up the Vacuities of ir, fince it left ſo many un- 
fill'd,but rather was thruſt in by the preſſure of the contiguous Air: 
which as it could not, but be always ready to expand it :elf, where 
it found leaſt reſiſtance, ſo was it unable to fill the Receiver any 
more , then untill the Air within was reduc'd to the ſame mea- 
ſure of CompaRtneſ(s with that withour, | 

We may alſo from our two already often mention'] Experi- 
ments farther deduce , that, (ſince Natures hatred of a Y acusm 
is but Metaphorical and Accidental, being but a conſequence 
or reſult of the preſſure of the Air and of the Gravity, and 
partly alſo of the Fluxility of ſome other Bodies) The power ſhee 
makes uſe of to hinder a Yacwum, is not { as we have el{-where 
alſo noted) any ſuch boundleſs thing as men have been plea- 
ſed to imagine, And the reaſons why in the former Experi- 
ments, mentioned in favour of the Pleniſts , Bodies ſeem to for- 
get their owne Natures to ſhun a Yacuwm , ſeems to be bur 
this; That in the alleadged cates the weight of that Water tht 
was either kept trom falling or impell'd up , was not great e- 
nough to ſurmount the preſſure ot the contiguous Air ; which, 
it it had been , the Water would have ſubſided, though no Air 
could have ſucceeded. For not to repeate that Experiment 
of Monſteur Paſehal (formerly mencion'd to have been tryed in a 
Glaſs exceeding 32 Foot ) wherein the inverted Pipe being long 
enough to contain a competent weight of Water, that Liquor 
freely ran out at the lower Orifice : Not to mention this (I ſay) 
we (aw in our nineteenth Experiment , that when the prefſure 
of the ambient Air was ſufficiently weaken'd, the Water would 
fall ont apace at the Orifice even of a ſhort Pipe, though the Air 
ST2xS could 
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could not ſucceed into the room deſerted by it. And it were not 
amiſs iftryal were made on the tops of very high Mountains, to 
diſcover with what eaſe a Vacuum could be made near the coufines 
of the Atmoſphere, where the Air is probably bur light in com- 
pariſon of what it is here below. But our preſent ( three and 
thirtieth ) Experiment ſeems to manifeſt, not onely that the po- 
wer, exercil'd by Nature, to ſhun or repleniſh a Yacawm, is li- 
mited, but that it may be determin'd even to Pounds and Oun» 
ces : Inſomuch that we might ſay, ſuch a weight Nature will ſy- 
ſtain or will lift up to reſiſt a Yacuwm in our Engine , but if an 
Ounce more be added to that weight , it will ſurmount Her fo 
much magnift'd deteſtation of Vacuities. And thus, My Lord, 
our Experiments may not onely anſwer thoſe of the Pleniſts, but 
enable us to retort their Arguments againſt themſelves : ſince, if 
that be true which they alleadge, that, when Water falls not down 
according to its nature, ina Body wherein no Air can ſucceed to 
fill up the place it muſt leave, the ſuſpenſion of the Liquor is made 
Ne detur Vacuum, (as they (peak) it will follow, that if the Wa» 
ter can be brought to ſubſide in ſuch-a caſe, that deſerted ſpace 
may be deem'd empty , according to their own.Doctrine ; eſpe- 
cially, ſince Nature- (as they would perſwade us). beſtirs her elf 
ſo mightily to keep it trom being deſerted. 

I hope I ſhall not need to remind Your Lordſhip , that I. have 
all this while- been ſpeaking ofa Facuum, notin the ſtrict and Phi- 
loſophicall ſenſe, but in that more obvious. and familiar one that 
hath been formerly declar'd. 

And therefore I ſhall now proceed to obſerve in the laſt place, 
that our 33% Experiment affords us a notable proof of the un- 
heeded ſtrength of that preſſure which is ſuſtain'd by the Cor- 
puſcles of what we call the free Air, and preſume to.be uncom- 
preſſed. For, as fluid and yielding a Body as it is, our Expert 
ment teacheth us , That-ev'n in our: Climate , and without an 
other compreſſion then what is ( at leaſt here below ) Natur 
or { t9 ſpeak more properly) ordinary tot, it bears ſo ſtrong- 


ly apoathe Bodies. whereuato it. is contiguous, that a Cyliadng 
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this free Air, not exceeding three Inches in Diameter is able to Aer [rig 
raiſe and carry up a weight , amounting to between ſixteen and © =/-=c 
ſeventeen hundred Ounces, I ſaid even in our Climate, becauſe ea goon 
that is temperate enough ; and as far as my obſervations aſſiſt me !omata quz 
ro conjeRure, the Air in many other more Northern Countries ©/****% 
way be much thicker , and able to ſupport 2 greater weight : dm Ly 
which is not to be doubted of, if there beno miſtake in what is 9% 
Recorded concerning the Hollanders , that were forc'd by the Ice Jy Hs 
to Winter in Nova Zembla , namely , That they found there ſo Zemblaa- 
condenſ'd an Air, that they could not make their Clock goe, 7," 
ev'n by a very great addition to the weights that were wont tO collocare- 
moveit, . runt, omni= 
Iſuppoſe Your Lordſhip will readily take notice, that I might 7;uwerie 
yery ealily have diſcourſed much more fully and accurately then I <tþ mutt | 
have done, againſt the common opinion touching Suction, and 75% P97” 
touching natures hatred of a Yacuwwm, But I was willing to keep 9idiſint 
my ſelte to thoſe conſiderations touching theſe matters, that 144” antex 
1 m_— be verified by our Engine it ſelfe, eſpecially, ſince, as I ſaid = = 
at brſt , it would take up too much time to inſiſt particularly u- nius Geo: 
e- | ponall the Reflections that may be made even upon our two laſt $**""al-, 
If | Experiments. And therefore paſſing to the next, I ſhall leave it PR 
to your Lordſhip to confider how far theſe tryals ot ours will either 22s. $48. 
ve | confirm or disfavour the new DoEtine of ſeveral eminent Natura- 
ni- Þ} liſts, who teach, Thatin all motion there is neceſſarily a Circle of 
at || Bodies, as they ſpeak,moving together ; and whether the Circles 


in ſuch motion be an Accidental or Conſequencial thing'or no. 
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Or- Is a known thing to thoſe that are converſant.in the Hydro- 
m- | '* ſtaticks, That two Bodies which in the Air are of equal 


ri & weight, but of unequal bulk, as Gold, for inſtance and Iron, being 
wi afterwards weighed in Water, will loſe their <£quil:brium upon 
the change of the ambient. Body : ſo that the Gold will fink-lows 
er then the Iron - which, by reaſon of its greater-bulk, hath more 
Water to lift. or. diſplace, that. it. may fink. By Analogy 
£0» 
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to this Experiment , it ſeemed probable, that if two weights did 
in our Engine ballance each other, when the Glaſs was full of Air, 
upon the exſuction of a great part of that Air, ſo notable a 
changein the confiſtence of the ambient Body, would make them 
loſe their «A&quilibrium. 

But being deſirous at the ſame time to make atryal, for a cer- 
tain Defign that needs not here be mention'd, we took for one 
of our weights a dry Bladder, ſtrongly tyed at the Neck, and a- 
bout half fill'd with Air (that being a weight both ſlight, and that 
would expand it elfe in the evacuated Glaſs) and faſtning that 
to one part of our formerly mentioned exact ballance ( which 
turns with the 32% part ofa Grain) we put a Metalline counter- 
poiſe into the oppoſite Scale ; and ſo the two weights being 
brought to an «/qv1/ibrium, the ballance was convey'd into the 
Receiver, and ſuſpended from the Cover of it. 

But before we proceed farther , we muſt note, That pre- 
ſently after the laying on of the Cover, the Bladder appear'd to 
preponderate , whereupon the Scales being taken out, and re- 
duc'd very near to an equilibrium, yet fo, that a lictle advan- 
tage remained on that fide to which the Metalline weight belong- 
ed; they were againlet down into the Receiver, which was pre- 
ſently made faſt with Plaiſter, and a hot Iron: Soon after which; 
before the Pump was employ 'd, the Bladder ſeem'd again a little 
to preponderate, Afterwards the Air in the Glaſs being begun 
to be drawn out, the Bladder began (according to the formerly 
mention'd Obſervations ) to expand it ſelfe , and manifeſtly to 
outweigh the oppoſite weight, drawing down the Scale to which 
it was faſtned very much beneath the other , eſpecially whea the 
Air had ſwell dir to its full extent. 

This done, we very leiſurely let in the external Air, and obſerv'd, 
that upon the flagging ofthe Bladder, the Scale whereto it was 
faſtned , not onely by degrees return'd ro an equilibrium with 
the other, bet at length was a lictle outweighed by it- 1 

But becauſe we ſuſpeQed. there might have- interven'd ſome 
uaheeded Circumſtance in this laſt part of the Experiment 

we 
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| we would not preſently take ont the Scales, nor meddle with 


the Cover, bur leaving things as they were, we perceiv'd, that 
after a little while the Bladder began again co preponderare, and 
by degrees to (ink lower and lower for divers hours, wherefore, 
leaving the Veſlel cloſed up all night , we repair'd to ic next 
Morning , and found the Bladder fallen yet lower. As if the 
very ſubſtance of it, had imbibed ſome of the moiſture where- 
with the Air (the Seaſon being very rainy ) did then abound: 
As Luteſtrings , which are made likewiſe of the Membranous 
parts of Guts , ſtrongly wreath'd, are known to ſwell ſo much, 
oftentimes as to break in rainy and wet weather. Which con-. 
jeture is the more to beregarded , becauſe cong-uouſly unto it” 
one of the company having a little warm'd the Bladder , found it 
then lighter then the oppoſite weight, But this muſt be look'd 
upon 3$ a bare conjecture, till we can gain time to make farther 
tryals aboutit, In the mean while we ſhall adde, that without 
removing the Scales or the Cover of the Receiver , we again 
@uſed the Air to be drawn out ( the weather continuing very 
moiſt ) but found not any manifeſt alteration in the ballance z 
whether becuute the «/£quz/;brium was too far loſt to let a ſmall 
change appear, we determine not, | 

But to make the Experiment with a Pody leſs apt to be alte- 
rd by the temperature of the Air, then was the Bladder , we 
brought the Scales 2gain to an «£qu:{;/brium with two weights, 
whereof the one was of Lead, the other of Cork. And having 
#acuated the Receiver, we obſerved, that both upon the ex- 
aRtion, and afrer the returne of the Air, the Corkdid manifeſtly 
nreponderate, and much more, a while after the Air had been let in 
gain, then whilſt it was kept out, Wherefore, in the room of 
teCork, we ſubſticuted a'piece of Char.coal, as leſs likely to im. 
bibe any moiſture trom the Air, bur the event proved much the 
ime with that newly related: So that this Experiment ſeems 
wore liable to Caſualties then any, excepting one we have made 
aour Engine. Andas it is difhicult to preventthem, fo it ſeems 
vt very calle to diſcover the cauſes of them , whereof we 
tit ſhall 
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ſhall therefore at preſent forbear mentioning our ConjeQures, 


EXPERIMEN T XXXV. 


gone Learned Mathematicians have of late ingeniouſly endea- 

voured toreduce Filters to Szphons z bur ſtill the true cauſe of 
the aſcenfion of Water, and other Liquors both in S:phons and 
in-Filcration, needing ( for ought we have yet found ) a clearer 
Diſcovery and Explication, we were defirous to try whether or 
no the preſſure of the Air might reaſonably be ſuppoſed co have 
either the prinicipal, or at leaſt a conſiderable Iatereſt in the rai- 
fing of thoſe Liquors. But becauſe we found that we could nor 
yet ſo evacuate our Receiver, but that the remaining Air,though 
bur lictle in compariſon of the exhauſted, would beableto ,im- 
pell the Water to a greater height then is uſual in ordinary Filtra- 
tions : wereſolvedinſteadofa Liſt of Cotton, or thelike Filtre, 
to make uſe of a Siphon of Glaſs, delineated in the third Figure, 
conſiſting of three pieces, two ſtraight , and the third crooked 
to joynthem together ; whole Jun&ures were diligently clo['d 
that no Air might findeentrance at them. One of the Legs of 
this S;phon was (as it ſhould be) ſomewhat longer then the 0- 
ther, and was pervious at the bottom of it onely , by a hole al- 
moſt as ſlender as a hair, that the Water might but very lea» 
ſurely drop out of it, leſt it ſhould allrun out before che Expe- 
riment were compleated. The other ana ſhorter Leg of the 
Siphon was quite open at theend , and the ſame wideneſle with 
the reſt of the Pipe, whoſe bore was about - ot an Inch. The 
whole S:phon made up of theſe ſeveral pieces put together, was 
defign'd to be about a Foot and a halfe long ; that the remaining 
Air, when the Veſlel was exhauſted after the wonted manner, 
might not be able toimpell the Water to the top of the Siphons 
which being inverted , was fill'd with Water , and of which the 
Shorter leg being let dowa two or three Inches deep into a Glals 
Veſlel full of Water, and the upper parts of it being faſten'dto 
the inſide of :he Cover of the Receiver, we proceeded to clole 
firſt, and then to empty the Veſſel, oi 
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The effect of the tryal was this , That till a pretty quantity of 
Air had been drawn out, the Water dropp'd freely our at the lower 
end of the lower leg of the Sphon, as if the Experiment had 
been performed in the free Air. But afterwards, the Bubbles (as 
had been apprehended) began to diſcloſe themſelves in the Wa- 
ter, and aſcending tothe top of the Siphon, imbodyed themſelves 
there into one, which was augmented by lictle & little, by therifing 
of other bubbles that trom time to time broke into it, but much 
more by its own dilatation, which increaſ'd proportionably to the 
ex{uction that was made of the Air out of the Receiver, So 
that at length the Water in the ſhorter Leg of the Siphon was 
reduc'd, partly by the extraion of the ambient Air, and partly 
by the expanſion of the great Bubble at the upper part of the $- 
phon, to be but about a Foot high, if ſo much ; whereby ic 
came to paſs, that the courſe of the Water in the Siphon was in- 
terrupted, and that which remain'd in the Jonger Leg of it, con- 
tinu'd ſuſpended there without dropping any longer. Burt upon the 
turning of the Stop-cock,the outward Air (being let into the Re- 
ceiver) got into the Siphon by the little hole ac which the Wa- 
ter formerly dropt out ; and traverſing all the incumbent Cylin- 
der of Water, in the form of Bubbles, joya'd it ſelt with that Air 
that before poſſeſl'd che rop of the S7phon. 

To prevent the inconveniencics ariſing from theſe Bubbles, 
two Glaſs Pipes, like the former, were fo placed, as to terminate 
together in the midſt of the Belly of a Glaſs Viol, iato whoſe 
Neck they were carefully faſten'd with Cement; andthen both 
the Viol and the Pipes being (which wasnot done without difficul - 
ty) totally 61I'd with Water, the Siphon deſcrib'd in the fifth Fi- 
gure, was plac'd with its ſhorter Leg in the Glaſs of- Water, - as 
formerly ; and the Experiment being proſecuted after the ſame 
manner, much more Air then formerly was drawa out, before 
the bubbles ,diſcloſingthemſelves in the water, were able.to diſturb 
the Experiment ; becauſe chat in the capacity of. the Viol there 
was room enoygh for them to ſtretch themlelves, without depre(» 
fing the Water below the ends of = Pipes z and,during this time, 
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the Water continued'to drop out of the propending Leg of the 


Siphon, © But art length the Receiver being very much empty'd, 
the paſſage of the Water through the Siphon ceal'd, the upper 
ends of the Pipes beginning to appear a little above the remainin 
Warer in the Viol, whoſe dilated Air appear'd likewiſe to pr 
down the Waterin the Pipes, and fill the upper part of them, 

And hereby the continuity of the Water, and ſo the Experi- 
meat it (elf being interrupted, we were invited to let in the Air a- 
gain, which, according ro its various proportions of preſſure to 
that of the Air inthe Viol and the Pipes, did for a good while ex- 
hibite a pleafing variety of Phenomena, which we have not now 
the leiſare to recite» And though upon the whole matter there 
ſeem'd little or no cauſe to doubr, but that, if the Bubbles had 
not diſturb'd the Experiment, it would manifeſtly enough have 
appear'd that the courſe of Water throngh Siphons depends upon 
the preſſure of the Air: yet we reſolv'd, at our next leifure and 
conventency, to try the Experiment again, with a quantity of 
Warer* before freed from Bubbles by the help oft che ſame 
Engine. | 

This occafion T have had to take notice of Siphons, puts me 
in minde of an odde kinde of Siphon that I caufd ro be made a 
pretty while ago ; and which hath been fince, by an Ingenious 
Man'of Your acquaintance, communicated to divers others, The 
occaſion was this: An eminent Mathemarician told me one day, 
that fome inquiſitive French Men (whoſe Names I know not) 
had obſerv'd, That in caſe one end of a lender and perforated 
Pipeof Glaſs bedip'din Water, the Liquor will aſcend co ſome 
height in the Pipe, chough held perpendicular to the plain of rhe 
Water. And, to ſatisfle methar he miſ-related not the Expe» 
riment, he ſoon after brought two or three {mall Pipes of Glafs, 
which gave me the opportunity of trying it: though I had the 
teſs realoh-to diſtruſt ir, becauſe I remember I had often, in the 
Fong and flender Pipes of ſome Weather Glaſfes, which I had 
cauſ'd to be made after a ſomewhat pecaliar fathion, taken notice 
of the like aſcenſionof the Liquor, chongh (preſuming ir might 
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be caſoal) T had made but little refleQion upon ir. But after this 
tryal, 5. a, to ſuppoſe, that though the Water ia theſe 
Pipes that were brought me, riſe not above a quarter of an Inch, 
(if near ſo high) yet, it the Pipes were made ſlzader enough, 
the Water might riſe toa very much greater height; I cauſd (e- 
veral of them to be, by a dexterous Hand, drawn out at the flame 
of a Lamp, in one of which that was almoſt incredibly flender,we 
found that the Water aſcended (as it were of it felt) - five Inches 
by meaſure, to the no (mall wonder of ſome famous Mathema- 
ticians, who were SpeQators of ſome of thele Experiments. And 
this height the Water reach'd to, though the Pipe were held in as 
erected a poſture as we could: For if ic wereinclin'd, the Water 
would fill agreater part of it, though not riſe higher in it. And 
we alſo found, that when the inſide of the Pipe was wetted be- 
forehand, the Water would rife much better then otherways: Bur 
wecauſ'd not all our flender Pipes to be: made ftraighr, but ſome 
of them crooked, like Siphons : And having immerſ'd the ſharter 
Leg of one of theſe into a Glaſs that held tome fair Water, we 
found, as we expected, that the Water ariſing to the top of the 
Siphon, though that were high- enough, did of it ſelf run down 
the longer Leg,and continue running like an ordinary $iphon, The 
cauſe of this aicenſion of the Water, appear'd to all that were 
preſent ſo difficult, chat I muſt nor ſtay to enumerate the various 
Conjecures that were made at it, much leſs ro examinethem z 
eſpecially having nothing but bare Conjectures to ſubſtitute in 
the room of thoſe I do not approve. Wetry'd indeed, by con- 
veying a very ſlender Pipe anda ſmall Veflel of Water into our 
Engine, whether or no theexfuction of che ambient Air would 
aſſiſt us to finde the cauſe of the aſcenſion we have been ſpeaking 
of : Bur though we imploy'd red Wine inſtead of Water, yet we 
could ſcarce certainly perceive thorow ſo much Glals, as was in- 
terpoſ'd betwixt our eyes andthe Liquor, what happen'd in a Pipe 
fo ſlender that the redneſs of the Wine was. ſcarce ſenſible in it, 
But as far as we could diſcern, there happen'd no great alceracion 
tothe Liquor: which ſeem'd the le(s ſtrange, becauſe the ſpring 
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of that Air that might depreſs the Water inthe Pipe, was equa[® 
ty debilitated with that which remain'd to preſs upon the ſurface 
of the water in the little Glaſs. Wherefore, in favor of his Inge- 
nious ConjeRure who aſcrib'd the Phenomenon under confiderati- 
on, to the greater preſſure made upon the water by the Air with: 
out the Pipe, then-by that within it, (where ſo much of the water 
(conſiſting perhaps of Corpulcles more pliant to the internal ſur- 
faces of the: Air) was contiguous to the Glaſs) it was ſhown, that 
incaſe the little Glaſs Veſlel that held the water, of which a part 
aſcended into the ſlender Pipe, were ſoclo('d, that a Man might 
with his mouth ſuck the Air our of it, the water would immedi- 
ately ſubfide-in the ſmall Pipe. And this would indeed infer,that 
it aſcended before -onely by the preſſure of the incumbent Air , 
But that it may (how juftly I know not) be objefted, That perad- 
venture this would not happen, in caſe the upper end of the Pipe 
wereina Yacuwm: And that 'tis very probable the vvater may 
ſubſide, not becauſe the preſſure of the internal Air is taken off 
by ExſaRion, bur by reaſon ot the ſpring of the external Air, 
which impels the Water it findes in its way to the cavity deſerted 
by the other Air, and wouldas well impel the ſame vvater up. 
wards, as make it ſubſide, if it were not for the accidental poſture 
of the Glaſſes, However, having not novy leiſure to ex1mine 
any farther this Matter, I ſhall onely minde Y our Lordſhip, that 
it You will proſecute this Speculation, it will be pertinent ro find 
out likewiſe, Why the ſurface of vvater (as is manifeſt in Pipes) 
u'eth to beconcave, being deprefl'd ia the middle, and higher on 
every fide ? and why in Quick-filver on the contrary, not onely 
the ſurface'is wont to be very convex, or ſwelling, in the middle; 
bur if you dip the end of a ſlender Pipe in it, the ſurface of the Li- 
quor (as tis call'd) vvill be lower vvithin the Pipe, then vvithour, 
Which Phenomena, whether, and how far, they may be deduc'd 
from the Figure of the Mercurial Corpuſcles,and the Shape of the 
{pringy Particles of the Air, I willingly leave to be confider'd. 
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EXPERIMENT XXXVI. 


QEveral ways we have met with propoſ'd, partly by the excel- 
lent Galileo, and partly by other ingenious Writers, to mani- 
feſt that the Air is not devoid of weight; ſome of theſe require 
the previous abſence of the Air to be weighed; and others, the 
violent condenſation of ir. Bur if we could lift a pair of Scales 
above the Atmoſphere, or place them in a Yacuwm, we might 
there weigh a parcel of Air itſelf, as here we do other Bodies in 
the Air, becauſe it would there be heavier then that which ſur- 
rounds It, as are groffer Bodies we commonly weigh, then the: 
medium or ambient Air. Wherefore, though we have above de- 
clin'd to affirm, that our Receiver, when emptyed, deſerves the 
name ofatrue Yacuum, and though we cannot yet pertetly free 
it from Air it ſelte, yet we thought fit to try how far the Air 
would manifeſt its gravity in ſo thin amedium, as we could make 
in our Receiver , by evacuating it. Wecaul'd then to be blown. 
at the Flame of a Lamp , a Glaſs- bubble of about the bigneſs of 
a (mall Hen-egge, and ofan Oval form, ſave that at one end there 
was drawn out an exceeding ſlender Pipe, that the Bubble might 
be ſealed up, with as lictle rarefaion as might be, of the Air in- 
cluded in the great or Oval Cavity of it, This Glaſs being ſea» 
led, was faſtened to one of the Scales of the exact pair of Ballances 
formerly mention'd; & being counterpoiſ'd with a weight of Lead, 
was convey'd into the Receiver, and cloſ'dupinit. The Beam 
appearing to continue Horizontal,the Pump was fer on work, and 
there ſcarce paſt abovetwo or three ExiuRtions of the Air, before: 
the Ballanceloſt its «fquzl:brium, and began to incline torhar 
fide on which the Bubble was z which, as the Air was farther and: 
farther drawn out, did manifeſtly more and more preponderare, till 
he that pumped began to-grow weary of his Imploymeat : after 
which the Air being leaſurely let in again, the Scales by degrees 
returned to their former eAquilibrinm, Attecthat we took them 
out, and caſting into that Scale to which the lead belonged 
three quarters of a grain, we conveyed the ballance into the 
| Ki | Receiver, 
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Receiver,” which being cloſed up, and exhauſted as before, we 
obſerv'd, that as the Air was drawn out more and more, ſo the 
Glaſs bubble came nearer and nearer to an «Aquilibrium with the 
other weight, cill at length the Beam was drawn to hang Hort- 
zontal; which (as we had found by another tryal) we could not 
bring it to do, when a quarter of a Grain more was added to the 
Scale, to which the Lead belong'd: though it feem'd queſtion+ 
leſs, thatif we could have perfe&tly empty'd the Receiver of the 
contain'd Air, that included in the bubble would have weighed 
abovea Grain, notwithſtanding its having been probably (ome- 
vvhat rarefiedby the flame, by the help of vvhich, the bubble was 
ſeal'dup. Let us adde, That on the regrefs of the excluded Air, 
the Lead, and the weight caſt into the ſame ſcale, did again ve- 
ry much preponderate: 

We likewife convey'd into the Receiver, the ſame bubble, 
open'd at theendot the lender Pipe above-mention'd, but ha- 
ving drayvn out the Air, after the accuſtomed manner, we found 
not as before, the bubble to out-weigh the oppoſite Lead: ſo 
that by the help of our Engine vve can vveigh the Air, as vve 
weigh other Bodies, in its natural or ordinary confiſtence, with- 
out at all condenſing it: Nay, which is remarkable, baving con- 
vey d a Lambs bladder about halt full of Air into the Receiver, 
we obſerved, that though upon the dravving out of the ambient 
Air, the impriſoned Air ſo expanded it ſelf, as to diſtend the 
Bladder ſo, as to ſeem ready to break it; yet this rarefied 
—_— manifeſtly depreſle the Scale vyhereunto it vvas an» 
nexed, 

Another thing we muſt not forget to mention, that happened 
to us, whil'ſt vve vvere meking tryals concerning the vveight of 
the Air; namely, That having once cau('d the Pump to be ſome- 
vyhat obſtinately ply'd, to diſcover the better vvhat may be ex- 
pected from the thinneſs of the medium in chis Experiment ; the 
Impriſon'd Air broke its brittle Priſon, and throwing the greateſt 
part of it againſt the fide of the Receiver, daſh'd it againſt that 


thick Glals into a mulcitude of pieces, Which accident I mens 
| c100, 
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tion, partly that it may confirm vvhar vve deliver'd inour Refle> 
Rions, upon the firſt Experiment, vvhere vve conſidered vyhac 
vvould probably be done by the ſpring of the Air Impriſon'd ia 
ſuch Glaſſes, in caſe the ballancing preflure of the ambieat Air 
vvere vvithdrawn; and partly,that vve may thence diſcern of how 
cloſe a Texture Glaſs is, ſince fo very thin a film of Glaſs (if I 
may ſo call it) prov'd ſo impervious tothe Air, that it could not 
get away through the Pores, but yvas forc'd to break the Glaſs in 
pieces to free it ſelf ; and this, notwithſtanding the timeand ad. 
vantage it had totry toget out at the Pores. And this I mention, 
that neither our Experiments, nor thoſe of divers Learned Men, 
might receive any prejudice from an Experiment which I happen'd 
to make divers years ago, and which, having been ſo much taken 
notice of by curious Men, may be dravvn ro countenance their er. 
roneous Opinion, vvho vvould fain perſwade us, That Glaſs is 
penetrable by Air properly ſo called. Our Experiment vvas brief- 
ly this: We vvere diſtilling a certain Subſtance, that much a- 
bounded vvith ſubtle Spirits and volatile Salt,in a ſtrong Eacthen 
veſſe! of an unuſual ſhape, to vvhich vvas lured a large Recei- 
ver, mice of the courſer ſort of Glaſs (vvhich the Trades-men 
are vvont to call green Glaſs) butin our abſence, the Fire, though 
it vvereto be very ſtrong, vvas, by the negligence or miſtake of 
thoſe we appointed to attend it, ſo exceſhvely increa(*d,that when 
vve came back tothe Fornace, vve found the fpiricuous and ſaline 
Corpuſcles pour'd out (if I may ſo call it) ſo hot, and ſo copi- 
oully into the Receiver, tbat they made it all opacous, and more 
likely to flie in pieces, then fir to be rouch'd, Yer, being curious 
to oblerve the efes of a Diſtillation, proſecuted vvith lo intenſe 
andunuſual adegree of heat, vve ventur'd to come near, and ob» 
ſerv'd, among other things, that on the out-fide of the Receiver, 
at a great diſtance from the jun&ure, there was ſetled around whi- 
tiſh Spot or tyvo, vyhich at firſt vve thought might be ſome 
ſtain upon the Glaſs ; bur after, finding it to be in divers Qualities 
like the Oyl and Salt of the Concrete vve vvere Diſtilling, vve 
began to duſpeR 'char che moſt. ſubtle and fugitive pn 
[7 
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the impetuouſly aſcending Steams, had penetrated the ſubſtancs 


( a5 they ſpeake ) of the Glaſs , and by the cold of the ambient 
Air were condenſed on the ſurface of it, And though we were 
very backward to credit this ſuſpition, and therefore call'd in ag 
Ingenious Perſon or two, both to affiſt us in the Obſervation, 
and have Witneſle of its event, we continued a while longer to 
watch the eſcape of ſuch untuous Fumes ; and upon the whole 
matter unanimouſly concluded that ( all things conſider'd ) the 
ſubtle parts of the iſtill'd matter being violently agitated , by 
the exceſſive heat had paſſ'd through the Pores of the Glaſs, wi- 
den'd by the ſame heat, But this having never happend but 
once in 2ny of the Diſtillations we have either made or ſeen , 
though theſe be not a few, it is much morereaſonable to ſuppoſe, 
that the perviouſneſſe of our Receiver to a Body much more 


ſubtle then Air, proceeded partly from the looſer Texture of 


thac particular parcel of Glaſs the Receiver was male of ( for 
Experience hath taught us, that all Glaſle is not of the ſame 
compacneſle and (olidity ) and partly from the enormous hear, 
which, together with the vehement agication of the penetrant 
Spirits, open'd the Pores of the Glaſlez then to imagine that 
ſuch a ſubſtance as Air, ſhould be able to permeate the Bod 
of Glaſſe contrary to the teſtimony of a thouſand Chymicall 
and Mechanicall Experiments, and of many of thoſe made in 
our Engine , eſpecially that newly recited: Nay, by our 
fifth Experiment it appeares that a chin Bladder will not at 
its Pores give paſſage even to rarefied Air. And on this 
occaſion we will annex an Experiment, which hath made ſome 
of thoſe we have acquainted with it, doubt, whether the 
.Corpulcles of the Air be not lefle ſubtle then thoſe of 
Water. 

But without examining here the reaſonableneſſe of that doubt, 
we will proceed to recice the Experiment it ſelte,, which ſeems 
to teach, That though Air, when ſufficiently compreſſed; 
may perchance get entrance into narrower holes and crannies thed 
Water ; yet unleſs the Aur be forc'din at ſuch. very lictle holes 
271 it 
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it will not get in at them, though they may be big enough to let 
Water paſs through them. 

The Experiment then was this : Trooke a fair Glaſs Sphoy , 
the lower end of whoſe longeſt Leg was drawn by degrees to ſuch 
aſlenderneſs, that the Orifice, at which the Water was to fall 
out, would hardly admit a very ſmall Pin: This Siphor being in- 
yerted, the matter was ſo order'd, that a little Bubble of Air was 
intercepted in theflendereſt part of the $7phon, betwixt the little 
hole newly menfton'd, and the incumbent Water , upon which, 
it came to paſs, thar the Air being not to be forc'd through 
ſo nurrowa paſlage , by {olight a Cylinder of Water, (though 
amounting to the length of divers Inches, ) as lean'd upon ir, 
hindered the farther effiux of the Water, cs long as 1 pleaſed to 
lec it ſtay i that narrow place: wheres , when by blowing a 
little at the wider end of the S7phon, thar little parcel of Air was 
forced out with ſome Water, the remaining Water , that before 
continu'd ſuſpended, began freely to drop down again as tormer- 
ly. Andit you take a Glaſs Pipe , whether it be in the form of 
a S;phon, or no, that being for the molt part of the thickneſs 
of a Mans Finger, is yet towards one end (o ſlender, as to termi- 
nate in a hole almoſt as ſmall as a Horſe- hair z and if you $11 this 
Pipe with Water, you will finde that Liquor to drop down free- 
ly enough thorow the {lender Extream : Bur it you then invert 
the Pipe, you will finde that the Air will nor eafily get inat the 
{ſame bole through which the Water paſſed, For in the ſharp end 
of the Pipe, ſome Inches of Water will remain ſuſpended, which, 


- tis probable, would not happen, if the Air could get in to ſucceed 


it, f{ince it the hole were a little wider, the Water would imme- 
diatly ſubſide, And though ir be true, that if the Pipe be of the 
length of many Inches, a great part of the Water will run down 
at the wider Orifice: yetthat ſeems to happen for ſome other rea- 
ſon, then becauſe the Air ſucceeds it at the upper and narrow O- 
ritice, fince all the ſlender part ofthe Pip, and perh2ps ſome In- 
ches more, will continue tall of Water. 

And on chis occaſion I remember , that wherezs it appears by 
L0 our 
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our fifth Experiment, That the Aerial Corpuſcles (except per- 
haps ſome that are extraordinarily fine) will not paſs thorow the 
Pores of a Lambs Bladder, yet Particles of Water will, as we have 
long ſince obſerv'd , and as may be eafily try'd, by very cloſely 
tying alittle Alcal;zate Salt (we uſd the Calx of Tartar , made 
with Nitre) in a fine Bladder, and dipping the lower end of the 
Bladder in Water ; for if you hold it therefor a competent while, 
you will finde that there will ſtrain thorow the Pores of the Blad- 
der, Water enough ro diſſolve the Salt into a Liquor. 

But I ſee Iam flip'd into a Digreſſion, wheretore I will not ex- 
amine, whether, the Experiment I have related, proceeded trom 
hence, That the ſpringy Texture of the Corpuſcles of the Air, 
makes them leſs apt to yield and accommodate themſelves eaſily 
to the narrow Pores of Bodies , then the more flexible Particles 
of Water ; or whether it may more probably be aſcrib'd ro ſome 
other Cauſe. Nor will I ſtay to conſider how far we may hence 
be aſſiſted to gheſs at the cauſe of the aſcenſion of Water in the 
ſlender Pipes, and Siphons formerly mention'd , but will return 
roour Bubble; and take notice, That we thought fic alſo to 
endeavor to meaſure the capacity of the Bubble we had made ule 
of, by filling it with Water, that we might che better know 
how much Water anſwered in weight co ofa Grain of Air, but 
notwithſtanding all the diligence that was uſed to preſerve ſo 
brittle a Veſſel, it broke before we could perfe&t that we were 
about, and we were not then provided of another Bubble fir for 
our turn, 

The haſt I was in, My Lord, when I ſent away the laſt Sheer, 
made me forget to take notice to you of a Problem thar occurr'd 
to my thoughts, upon the occaſion of the {low breaking of the 
Glaſs Bubble in our evacuated Receiver. For it may ſeem 
ſtrange, ſince by our ſixth Experiment it appears, that the Air, 
when permitted, will by its own internall Spring expand it (elfe 
twice as much as Merſennus was able toexpandit , by the heat 
even ofa candent eolipile: Yet the Elater of the Air was ſcarce 
able to break a very thin Glaſs Bubble, and utterly unable to 
. 7 Se break 
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break one ſomewhat thicker , within whoſe cavity it was impri- 
ſon'd ; whereas Air pen'd up and agitated by heat is ableto per- 
form {o much more conſiderable efte&s , that ( not to mention 
thoſe of Rarefattion that are more obvious ) the Learned Jeſvit 


Cabeus (he that writ of the Load-ſtone) relates, Thar he ſaw ,. 


Nics's 


a Matble Pillar ( ſo vaſt, that three men together with diſplay'd cab: 4: 4. 
arms could not imbrace it, and that 1000 Yoke of Oxen draw- {0:4 


ing it ſeveral ways with all their ſtrength, could not have torn it "© 


aflunder ) quite broken off in the midſt , by reaſon of ſome 
Wood , which happening to be burnt juſt by the Pillar, the heat 
proceeding from the neighboring Fir, ſo rarefied ſome Air or 


Spirituous Matter which was ſhut up in the cavities of the Marble, - 


that it broke through the ſolid Body of the Stone to obtain room 
to expand it (elf. 

I remember I have taken notice that probably thereaſon why 
the included Air did not break the hermetically ſeal'd Bubbles 
chat remain'd incirein our empryed Receiver, was, That the Air, 
being ſomewhat rarefied ,by the Flame imploy'd to cloſe the 
Glaſs, its Spring, upon the receſs of the heat, grew weaker then 
before. But though we reject not that gheſs, yetit will not in 
the preſent caſe ſerve the turne, becauſe that much ſmaller Glaſs 
bubbles exaAMly clol'd, will, by the included Air (though agi- 
tated by the heat of a very moderate Fire) be made to fly in 
pieces. Whether we may be aſſiſted to ſalve this Problem, by 
conſidering that the heat doth from within vehemently agitate 
the Corpuſcles of the Air , and adde its aſſiſtance to the Spring 
they had before, I ſhall not now examine: fince I here but pro- 
poſea Problem , and that chiefly that by this memorable Story 
of Cabeus, notice may be taken of the prodigious power of Ra- 
retation, which hereby appears capable of performing ſtranger 
things thenany of our Experiments have hitherto aſcrib'd to it, 

We ſhould hence , My Lord, immediatly proceed to the next 
Experiment , bur that we think ic fir, on this occaſion, to ac- 
quaint You with what ſome former tryals ( though not madein 
our Engine ) have taught us, concerning what we would have 
LT] dil- 
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diſcover'd by the newly mention'd Bubble that broke. And this 
the rather, becauſe (a great part of this Letter ſuppoſing the gra- 
vity ofthe Air) itwill not beimpertinent co determine more par- 
ticularly then hitherto we have done, what gravity wealcribe toir, 
We tooke then an «0/;p:le made of Copper , weighing (ix 
ounces,five drachms, and eight and forty graines : this being made 
as hot as we durſt make ir, (for fere of melting the mettle, or ar 
leaſt the Sodar ) was removed from the fire and immediately 
ſtopped with hard Wax thatno Air at all might get inat the lit- 
tle hole,wont to belett in. e#olipiles for the fumes to ifſue our at : 
Then the «#o/;pile being ſuffer'd leaiurely ro coole, was again 
weighed together with the Wax that ſtopr it, and was found to 
weigh ( by reaſon of the additionall weight of the Wax ) fx oun- 
ces, {ix drachms, and 39 graines, Laſtly, the Wax being per- 
forated without taking any of it out of the Scale , the external 
Air was ſuffered to ruſh in (whichit did with ſome noyle) and then 
the eolipile and Wax, being againe weighed amounted to fix 
ounces, fix drachms, an4 50. graines. So that the «£ol:pile 
freed as farre as our fire could free it, from it's Air, weighed leſs 
thenit ſelf when repleniſhed with Air, full eleven graines. That 
is, the Air containable within the cavity of che «/foliprle amoun- 
ted to eleven grainzs an{ ſomewhat more; I (ay ſomewhat more, 
becaule of the particles of Air,that werenor driven by the fire ouc 
of the «/£olipile, And by the way (if there be no miſtake in 
the obſervations of the diligent 2terſennus ) it may ſeem ſtrange 
that it ſhould ſo much differ from 2, or 3. of ours; in none of 
which we could rarefie the Air in our <o/zpile ( though madered 
hot almoſt all over, and fo immediately plung'd into cold Wa- 
ter ) to halte chat degree which he mentions, namely to 70 times 
it's naturall extent, unleſs it were that the Aolipzle be imploy'd 
was able to ſultaine a more vehemeant heat then ours ( which yet 
ve keptin ſo great an one, that once the Soder melting , it tell 
alunder into the two Hemiſpheres it conſiſts of. ) 
The fore-mentioned way of weighing the Air by the help of 
an Ao{pile , (eems ſomewhat more exa thea that _—- 
enms 
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ſeanus uſed , In thatin ours the Zolipile was not weighed , till 

itw2s cold; whereas in his, being weighed red hot, it is ſubje&t 

to looſe of it's ſubſtance in the cooling, for (as we have elſe- 

where noted on another occaſion ) Copper heated red hot,is wont 

in the cooling to throw off lictle thin ſcales in ſuch plenty, thar 

having Any ne watcht a Copper AZ ol{;p:/e during its reirigera- 

tion , we haveleen the place round about it almoſt covered with 

thoſe little ſcales it had every way ſcatter'd: which, however they 

amount not to much , onght not to be over-lookes, when 'tis 

ſolight a Body as Atr, that is to be weighed. Wewill not exa- 

mine whether, the Zolipzle in cooling may not receive ſome 
lictle increment of weighs, either from the vapid or ſaline Steams 
that wander up and downe in the Air : But we will rather men- 
tion, that ( for the greater exa&neſle) we imployed to weigh 
our Zolpile , both when fill'd onely with Air and when reple- 
niſh'd with Water , a paire of Scales that would turne (as they 
ſpeak ) with the fourth part of a grain. 

As to the proportion of weight betwixt Air and Water, ſome 
learned men have attempted it by wayes ſo unaccurate that they 
ſeeme to have much miſtakenic., For ( not to mention theim- 
probable accounts of Kepler and others, ) The learned and dili- 
vent Ricczolus, having purpoſely endeavoured to inveſtigate this 
proportion by meanes ot a thin bladder , eſtimates the weight of 
the Air to that of the Water to b2as one to ten thouſand, or there 
abouts, And indeed I remember that having formerly , on a 
certain occaſion, weighed a large bladder full -of Air, and found 
ic when the Air was all (queeſed out , to have contained fourteen 
graines of Air. I found the ſame bladder afterwards fill'd with 
Water to containe very neer 14 pound of that liquor : according 
to which account, the proportion of Air to Water was almoſt 
as a graine toa pound, that is, as one, toabove 7600, To this 
we may adde, that one the other fide, Galilco himſelte uſing ano- 
ther, (but an unaccurate way too,) defined the Air to be in weight 
to Water ,but as one to 4 hundred. But the way formerly propo- 
ſedof weighing the Air by an Aolpile,ſeemes by great oddes more 


exatt 
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exat ; and (as farre as wecould gheſſe ) ſeemed to agree well e- 
nough with the Experiment made in our Receiver, Wheretore 
it will be beſt to truſt our e/folip:le in the enquiry we are abour. 
And according to our obſervations the water it contained amoun- 
ting to one and twenty ounces and an halfe, and as much Air as 
was requiſite to fill it weighing eleven graines , the proportion 
in gravity of Air to Water of the ſame bulk will beas one to 938. 
And though we could not fill the £ol:p:le with water, fo exactly 
as we would, yet in regard wecould not neither as pzrtetly as 
we would, drive the Air out of it by heat , we think the propor- 
tion may well enough hold: but thoſe that are delighted with 
round numbers (as the phraſe is) will not be much miſtaken if 
- they reckon Water to be neere athouiand times heavier then Air, 
And: ( for farther proof that we have made the proportion be- 
twixt theſe two Bodyes rather greater then leſſer then indeed ic 
is; andalſo to confirme our former obſervation of the weight of 
the Air} we will adde, That, having another time put ſome Wa- 
ter into the eEolipile betore we ſer ir on the fire, thatthe copi- 
ous vapours of the rarefied liquor might the better drive out the 
Air , we found, upon tryall carefully made, that when the /£0- 
lipile was rettigerated, and the included vapours were by the 
cold turned againe into Water: ( which could not have happen'd 
to the Air, that the preceeding Steames expelled) the Air, 
when it was let in, increaſ'd the weight of the «/£olipile as much 
as before, namely, Eleven Grains ; though there weie already 
init twelve Drachmes and a halfe , beſides a couple of Grains of 
Water, which remained of that we had tormerly pur into it to 
drive out the Air, 

Merſennus indeed tells us, that by his account Air is in weight 
to Water, as 1 t01356. Andadds, that we may, without a» 
ny danger, | believe that the gravity of Water to that of Air of 
alike bulke , is not leſs then of 1300 to 1. And conſequently 
that the quantity of Air toa quantity of Water equiponderant 
thereto, is as 1300 to 1, Bur why weſhould relinquiſh our 
own carefully repeated tryals, I feenot, YetI am uawilling to 
re- 
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reje& thoſe of ſo accurate and uſeful a Writer: And therefore 
ſhall propoſe a way of reconciling our differing Obſervations, by 
preſenting , that the diſcrepance between them may probably a- 
riſe from the diftering conſiſtence of the Air at London and at Pa- 
ris: For our Air being more cold and moiſt , then that which 
Your Lordſhip now breaths , may be ſuppoC'd alſo to be afourth 
or fifth part more heavy. T leaveit to be conſider'd , whether 
it beot any moment that our Obſervations were made inthe midſt 
of Winter, whereas his were perhaps made in ſome warmer time 
ofthe Year. Burl chink it were not amiſs,that, - by the method 
formerly propoſ'd, the gravity of the Air were oblerv'd both in 
ſeveral Countries, andin the ſame Country, in the ſeveral Sea- 
ſons of the Year and differing Temperatures of the Weather. And 
I would give ſomething of value to know the weight of ſuch an 
e/folipile as ours full of Air,in the midſt of Winter in Nowa Zem- 
bla , it that be true which we formerly took notice of, namely, 
That the Hollanders, who Wintered there , found that Air ſo 
thick that their Clock would not go. 

It Your Lordſhip ſhould now ask me, if I could not by the 
help of theſe, and our other Obſervations, decide the Contro- 
verlies of our Modern Mathematicians abour the height of the 
Air or Atmoſphere, by determining how high it doth indeed 
reach: I ſhouldanſwer , That though it ſeems eafte enough to 
ſhew that divers Famous and Applauded Writers have been mi- 
ſtaken in aſſigning the heigth of the Atmoſphere : Yet it ſeems 
very difficult preciſely ro define of what heightit is. And becauſe 
we have hicherto bur lightly rouch'd upona matter of ſuch im- 
portance, we preſume it wi:l not be thought impertinent, upon 
this occaſion, to annex ſomething towards the Elucidation of it. 

W hat we have already try'd and newly ſet down, allows us to 
take it for granted, that (at leaſt about LZoxdon) the proportion 
of gravity betwixt Water and Air, of equal bulk, is as ot a thou- 
{and to one, 

The next thing therefore that we are to enquire after , in order 
to Our preſeac delign, is the difference ia weight betwixt m_ 
an 
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and Quick-filver : And chough this hath been defin'd already by 
the Illuſtrious Yerulam , and iome other inquiſitive Perſons, that 
have compared the weight of ſeveral Bodies, and caſt their Ob- 
ſervations ivto Tables , yet we ſhall not {cruple to annex our own 
tryals about it : Partly , becauſe we finde Authors conſiderably 
ro diſ-agree ; partly, becauſe we uſed exaRter, Scales, and a ſome- 
what more wary method then others ſeem to have done: And 
partly alſo, becauſe having proſecuted our inquiry by two or 
three ſeveral ways; the ſmall difference between the events may 
aſſure us that we were not much miſtaken, | 

We took thena Glaſs Pipe , of the form of an inverted Sphon 
whoſe ſhape is delineated in the ſixteenth Figure: And pouring 
into it a quantity of Quick-filver, we held ic {o, that the ſuper- 
ficies of the Liquor , both inthe longer and ſhorter leg , lay in 
a Horizontal Line, denoted in the Scheme by the prick'd Line E 
F, thenpouring Water into the longer Leg of the Siphoz, till 
that was almoſt fill'd, we obſerv'd the ſurface of the Quick- hilver 
in that Leg to be, by the weight of the Water , depreſſed, as 
firomEtoB;, and in the ſhorter Leg, to beas much impell'd up- 
wards as from Fro C :: Whereupon having formerly ſtuck marks, 
as well at the point B,asat the oppoſite point D,we meaſac'd both 
the diſtance D C to have the height of the Cylinder of Quick-fil- 
ver, which was raiſed above the Point DC(level with the ſurtace of 
the Quick-filver in the other Leg) by the weight of the Water, 
and the diſtance B A which gave us the height ofthe Cylinder of 
Water. Sothat the diſtance D C amounting to 2 2 Inches, and 
the height of the Water amounting 30 © Inches ; and the whole 
numbers on both fades, w ich the annexed Fractions, being reduc'd 
to improper Fractions of the ſame denomination, the proportion, 
appear'd to be (the denominators being lett out as equal on both 
ſides) as 121 t01665, or by reduction, as one to 13%.. 

Beſides this unuſual way of determining the gravity of ſome 
things, we meaſur'd the proportion betwixt Quick-filver and 
Water, by the help of ſo exact a ballance, as looſeth its e&quili- 
vrium by the hundredth part of a Grains But becauſe thereis 
wont 
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wont to becommittedan overſight in wei _=_y Quick-filver and 
Water, eſpecially if the Ocifice of the Veſlel wherein they are pur 
be any thing wide, in regard that men heed not that the ſurtace 
of Water in Velſlels will be concave , butthat of Quick- ſilver 
notably convex or protuberant: To avoid this uſual overſight (I 
ſay) we made uſe of a Glaſs bubble, blown very thin at the Flame 
of a Lamp, that it might not be too heavy for the Ballance, and 
rerminating ina very flender neck, wherein the concavity or con- 
yexity of a Liquor could not be conſiderable: This Glaſs weigh- 
ing 23- Grains, we fill'd almoſt with Quick-filver, and faſtaing 
2 mark over againſt the middle of the protuberanre Superficies as 
gear as our Eyes could judge, we found that the Quick-filver a- 
lone weighed 2997, Grains ; Then the Quick-filver being pour'd 
our, and the ſame Glaſs being fill'd as full of common Water, we 
found the Liquor to weigh 217 Grains, Whereby it appear'd 
the weight of Water to Quick-filver, isas one to 132%: Though 
our [lluſtrious Yerulam (queltionleſs nor for want of Judgement 
or Care, but of exa& Inſtruments) makes the proportion betwixt 
thoſe two Liquors to be greater then of 1 to 17, Andto adde, 
that upon the by, ſince Quick-filyer and well retified Spirit of 
Wine, are (how juſtly I ſay not) accounted, the one the heavieſt, 
and the other the lighteſt of Liquors; we thought to fill the ſame 
Glaſs, and with the ſame Scales to obſerve the difference berwixt 
them, which we found to be as of 1 to 16 !%;; whereby it appear'd, 
That the difference berwixt Spirit of Wine, that may be made 
to burn all away, ( ſuch as was ours ) and common Water, is 
as betwixt 1 and 1%. 

We might here take occaſion to admire,that though Water (as 
appear'd by the Experiment formerly meation'd of the Pewter 
Veſlel) ſeems not capable of any conſiderable condenſation, 
and ſeems not to have inter(perſedin it any ſtore of Air, yet 
Quick-filver, of no greater bulk chen Water, {hould weigh near 
fourteen times as much, But having onely pointed at this as a 
thing worthy of conſideration, we w || proceed in our inquiry atter 
the height ofthe Atmoſphere : And to avoid the trouble of Fra- 
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&ions, - we will aſſume, that Quick- filver is fourteen times as heas 
vy as Water, finceit wants fo little of being (o. | 

Wherefore, having now given as the proportion of Air ro Wa- 
ter, and Water to Quick-filver , it will be very eafte to finde the 
proportion betwixt Air and Quick-filver, in caſe we will ſuppoſe 
the Atmoſphere to be uniformly of ſuch a confiſtence as the Air 
we weighed here below. For fince our Engine hath ſufficiently 
manifeſted that 'tis the e/£qnil:brium with the external Air , that 
in the Torricellian Experiment keeps the Quick-filver trom !ub- 
fiding z And fince, by our accurate Experiment formerly men» 
tion'd, it appears that a Cylinder of Mercury, able to ballance 
a Cylinder of the whole Acmoſphere, amounted to near about 
thirty Inches; and fiance, conſequently we may afſuine the pro- 
portion of Quick-filver to Air to be as fourteen thouſand to one; 
it will follow , that a CylinJer of Air , capable to mziatain an 
Aquilibrium , with a Mercurial Cylinder of two Foot atid an 
balfin height, muſt amount to 35000 Feet of our Engliſh.-Mea- 
ſure; and conſequently (reckoning five Foot ro a Geometrical 
Pace, and one thouſand ſuch Paces to a Mile) to feven full Miles, 

But this (as we lately 1atimated ) proceeds upon the ſuppoſi- 
firion, that the Air is every where of the fame confiſtence that 
we found it near the ſurface of the Earth but that cannot with a- 
ny ſafery be concluded, not onely for the realon I finde to have 
been takennotice of by che Ancients, and thus expreſt in Seneca: 
Omnis Aer ( (ſays he ) quo propior eft terris hoc craſſior , quem- 
admodum in aqua 4 in omni humore fex imaeſt, ita in Aere ſpiſ- 


£:p.x0. ſiſſima que, arſidant , but much more, becauſe the (pringy Tex- 


ture of the Aerial Corpucles z makes them capable of a very great 
compreſſion, which the weight of the incumbent part of the Ar- 
moſphere is very ſufficient to give thoſe that be undermoſt and 
near the ſurface of che Earth. And if we recall to minde thoſe 
former Experiments , whereby we have manifeſted , That Air, 
much rarefted wichout hear, may eafily admit a farther raretaRion 
from heat, and that the Air , even without being expanded by 
heat , is capable of being rarefied co above one hundred and fitty 
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times the extent it uſually poſſeſſeth here below ; How can it be 
demonſtrated that the Atmoſphere may not, for ought we know, 
or at leaſt for ought can be determin'd by our Scatical and Mecha- 
ical Experiments, riſe to the height of Five and ewenty German 
Leagues, if not of ſome hundred of common Miles ? 

And this conjecture it ſelf may appear very injurious to the 
hetght whereunto Exhalations may aſcend, if we will allow that 
there was no miſtake in that ſtrange Obſervation made at Tolouſe 
inaclear Night in Avgv»ſt, by the diligent Mathematician Ema- 
nuel Magnan, andthus Recorded by Ricciolns, for-I have not at 
haad the Authors own Book: Fidis ( ſayes he ) abhota undecima 


as A. . Ricciols 
poſt meridiem u{que ad mediam nottem Lund infra horizontem poſi- ama: 


14, nubeculam quanaam lucidam prope HMeridianum fere uſque ad Nov: Tom: 


2. lib, 10, 


Zenith diſſuſam que conſideratis omnibus non poterat niſt a ſole ul; 5,1, 

luminari z tdcoque altior «(ſe debuit tota umbra terr#. Addit (CON- 50. Ex 

tigues Ricctolus) ſimile quid eveniſſe Micheeli Angelo Riccio apud 094m: 

Sabinos verſanti nempe viroin Matheſi ernditiſfums. me _ 
Various Obſervations made at the feet, tops, and interjacent bor-rie 

parts of high Mountaines , might perchance ſomewhat affiſt ys to !"%* 3% 

make aneſtimate in what proportion, if in any certain one , the 

higher Air is thicker then the lower, and gheſs at the diftorm con- 

filtence, as to laxity and compactneſs of the Air at ſeveral diſtan- 

ces from us. And it the difficulties about the. retraQions of the 

Celeſtial Lights, were ſatisfactorily determin'd, that might alfo 

much conduce to the placing cue limits to the Armoſphere(whoſe 

Dimenſions thoſe Obſervations about Refrations fem bitherto 

much to contract.) But tor the preſent we dare not pronounce a- 

ny thing peremptortly concerning the height of it, but leave it to 

farther inquiry : contenting our {elves to hve manifeſted the mj- 

ſtake of divers eminent Modern Writers, who will not allow the 

Armoiphere to exceed above two or thiee Miles. in height ( zs 

che Famous Kepler will not the Aer refrattivus) and to have ren- 

dred a reaton why in the mention we made in the Notes ppon the 

firſt Experitecae tonching the: beight of che Armoſphere , we 

ſcrupled not toſpeak ot :r, 'as if m might be many Miles high. 
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VV E will now proceed to recite a Phenomenon, which,though 

made amongſt the firſt, we thought fit not to mention 
till after many others, that we might have the opportunity to ob- 
ſerve as many Circumſtances of it as we could , and fo preſent 
Your Lordſhip at once, moſt of what we at ſeveral times have ta- 
ken notice of concerning ſo odde a Phenomenon. 

Our Engine had not been long finiſh'd , when, at the firſt lea- 
fare ws could fteal from our occaſions to make tryal of it , we 
cauſed the Air to be pump'd out of the Receiver ; and whil'it I 
was buſted in entertaining a Learned Friend that juſt then came to 
vilite me,an Ingenious By-ſtander, thought he perceiv'd ſome new 
kind of Light in the Receiver , of which giving me haſtily notice, 
my Friend and I preſently obſerv'd, that when the Sucker was 
drawa down, immediately upon the turning of the Key, there ap- 

ear'd a kind of Light in the Receiver, almoſt like a faint flaſh of 

Þightening in the Day-time, and almoft as ſuddenly did ir appear 
and vaniſh, Having, not without ſome amazement, obterv'd 
divers of theſe Apparitions of Light, we took notice that the Day 
was clear, the hour about ten in the Morning, that the onely Win- 
dow in the Room faced the North , anJ alſo, that by interpoſing 
a'Cloak, or any opacous Body between the Receiver and the 
Window, though the reſt of the Room were ſuthciently enlight- 
ned, yetthe flaſhes did not appear as before, unleſs the opacous 
Body were removed. Burt not being able on all theſe Circume 
Ainces to groun] any firm Conjetare at the cauſe of this ſur- 
priſing Phenomenon, as ſoon as Night was come, we made the 
Room very dark ; and plying the Pump; as in the Morning, we 
couldnot, though we often try'd, fiad, upon the turning of the 
Key, ſo much as the leaſt glimmering of Lighe z whence we 
inferred, tha the flaſh appearing in the Receiver, did not pro- 
ceed from any new Light genzrated there , but from ſome refie- 
Rions of the light of thz Sun, or other Luminous Bodies plac'd 
without itz though wheace that RefleQion. ſhould proceed, it 
poſ'd uz to conjecture. Where- 
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Wherefore the next Morning ;hoping to inform our ſelves bets 
ter, we went about torepeat the Experiment, but though we could 
as well as formerly exhauſt the Receiver,chough the place wherein 
we made the tryal was the very ſame, and though other Circum» 
ſtances were rel: — we could not diſcover the leaſt appea» 
rance of Light all that Day,nor on divers others on which tryal was 
again fruitleſly made ; nor can we to this _ time be ſure a Day 
before- hand that theſe Flaſhes will be to be ſeen in our great Re- 
ceiver. Nay,having once found the Engine in a good humour (it I 
may ſo ſpeak ) to ſhew this trick, and ſent notice of it to our Lear* 
ned Friend Door Wallis, who expreſ'd a grear defireto ſee this 
Phenomenon, though he were not then aboye a Bow-ſhoot off, and 
made haſt to ſatisfie his Curioſity , yet by that time he was come, 
the thing he came for was no longer to be ſeen; ſo that having 
vainly endeavored to exhibit again the Phenomenon in his preſence, 
I began to apprehend what he might think of me, when unexpe- 
Redly the Engine preſented us a flaſh, and after that a ſecond, and 
as many more, as ſuthc'dto farisfie him that we might very well 
confidently relate, that we have our ſelves ſeen'this Phenomenon, 
though not confidently promiſe to ſhew it others. 

And this unſucceſstulneſs wherero our Experiment is lyable, 
being ſuch, that by all our watchfulneſs and tryals, we could ne- 
yer reduce it toany certain Rules or Obſervations ; fince in all 
conſtitutions of the Weather , times of the Day, &c. Ir will 
ſometimes anſwer, and ſometimes diſ-appoint our Expectations; 
Weare much diſcourag'd from venturing to frame an Hypotheſis 
to give an account of it: whichif the Experiment did conſtantly 
ſucceed , might the more hopefully be attempted; by the help 
of the following Phenomena laid together : ſome of them pro- 
duc'd upon tryals purpoſely made to examine the validity. of the 
conjectures, other tryals had ſuggeſted. 

Firſt then we obſerv'd,that the Apparition of Light may be made 
as well by Candle-light, as by Day-lightz andin whatever poſi- 
tion the Candle be held, in reterence to the Receiver, as on this or 


that hand of it, above it, beneath it, or any other way, __—— 
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the Beams af Light be-not hinder'd from.” falling apon the Veſſel, 

Next, we noted that the flaſh appears immediately upon the 
turning of the Key, to let the Air out.of the Receiver into the 
emptyed Cylinder, in ſo much that-I remember not chart when 
at any time in our great Receiver; the:Stop-cock was open'd be- 
fore the Cylinder was exhauſted (whereby it- came to paſs thar 
the Air did rather deſcend, then ruſh into the Cylinder) the of- 
ten mentioned flaſh appear'd to our eyes. | 

Yet,we farther obſcrv'd. that when inſtead of che great Receiver 
we.made uſe of a faall Glaſs, not containing above a pound anda 
half of Water , the Phenamenon might be exhibited though the 
Stop-cock were open , pravided the Sucker were drawn nmbly 
down. 

Wenoted too, that when we began toempty the Receiver,the aps 
pearances of Light were much more conſpicuous then towards the 
larterend, when lictle Air at a time could paſs out of the Receiver, 

We obſerved alſo, that when the Sucker had not been long 
before well Oyt'd , and inftead of the great Receiver, the ſmaller 
Veſſel above-mention'd was emptyed ; We obferv'd, I fay, that 
then, upon the opening ofthe Stop-cock, as the Air deſcended 
out ofthe Glaſs inro the emptied Cylinder , ſo atthe ſame time 
there aſcended aut of the Cylinder into the Veſſel a certain Steam, 
which ſeem'd to confift of very little Bubbles, or other minute 
Corpuſlcles thrown up from the Oyl, rarefied by the attrition 
it ſuffered in the Cylinder. For at the ſame time that theſe 
Steams afcendedinto the Glaſs, ſome of the ſame kinde manifeſt- 
ly iGued out like alittle Pillar of Smoke at the Oritice of the 
Valve, '1when chat was occaſionally opened... And theſe Steams 
frequently enough preſenting themſelves to our view, we found; 
by expottng the Glafs to a clear Light , thit they were wont to 
play up and down in it, andſo by their whiteilbneſs, ro emulate 
m {ome ineafure the apparition of Eight, ' +. oh at 1 T 
- For we:likewiſe fometimes found,: by warchful obfervitiong 
that waea 'the Flaſh was: great;/not onely ac-che very -1n(tant 
the Receiver loſt 'of its tranſparency ,* by appearing = of 
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ſomekinde of whitiſh ſubſtance 3 but that for ſome ſhore: time 
after the ſides of the Glaſs continued ſomewhat opacous', and 
ſeem'd to be darken'd, as if ſome whitiſh Steam adher'd to the in« - 
ſide of them. 

He that would render a Reaſon of the Phenomenon, vyhereof 
all cheſe are not all the Circumſtances, muſt do tvvo things 
whereof the one is difficult, and the other little leſs then impoſſi- 
ble: For he mult give an account not onely whence the appearing 
whiteneſs proceeds, but wherefore that vvhiceneſs doth ſometimes 
appear, and ſometimes not, | 

For our part, vve freely confeſs our ſelves at a loſs about ren- 
cering a Reafon of the leſs difficult part of the Problem: And 
though Your Lordſhip ſhould ev'n preſs us to declare vyhat Con- 
jecture it was, that the above recited Circumſtances ſuggeſted to 
us, we ſhould propoſe the thoughts we then had, no otherwiſe 
then as bare Conjectures. 

In caſe then our-Phenomenon had conſtantly and uniformly ap- 
pear'd, we ſhould have ſuſpeRed it to have been produc'd after 
fome ſuch manner as follows, 

Firſt, vve obſerv'd that, though that which we ſaw in our Re- 
ceiver ſeem'd to be ſome kinde of Light, yet it vvas indeed but a 
whiteneſs vvhich did(as hath already beennoted) opacate (as ſome 
ſpeak) the inſide of the Glaſs. 

Next we confider'd, that our common Air abounds with Par- 
ticles, or little Bodies, capable to refle& the Beams of Light. Of 
this vve might eafily give divers proofs, but vve ſhall name bur 
tyvo: The one, that vulgar obſervation of the Motes that appear 
in mulciudes ({wimming up and down in the Air, when the Sun- 
beams ſhooting into a Room, or any other ſhady Place, diſcover 
them. though othervviſe the Eye cannot diſtinguiſh them from 
thereſt of the Air : The other proof we will take trom vyhat vve 
(and no doubt very many others) have obſery'd,touching the Il]g- 
mination of the Air in the Night. And we particularly remember, 


- thar, being at ſome diſtance from London one Night, that the Peo- 


ple, upon a very well-come occaſion, teſtified their Joy by nume- 
rous 
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rous Bon-fires z though, by reaſon of the Interpoſicion of the 
Houſes , we could not ſee the Fires themſelves, yet we could 
plainly ſee the Air all enlighten'd over and near the City ; which 
argu'd, that the lucid Beams ſhot upwards from the Fires, metin 
the Air with Corpuſcles opacous enough to reflet them to our 
Eyes, ; 
A third thing that we conſidered, was, That white may be.pro- 
duc'd (without excluding other ways, or denying inviſible Pores 
in the ſolideſt Bodies) when the continuity of a Diaphanous Bo- 
dy happens to beinterrupted by a great number of Surfaces,which, 
like ſo many little Looking-glaſſes , do confuſedly repreſent a 
multitude of little and ſeemingly coutiguous Images ot the lucid 
Body. Weſhallnor inſiſt on the explanation of this , but refer 
You for it to what we have ſaid in another Paper (couching Co- 
Jours.) But the Inſtances that ſeem to prove it are obvious : For 
Water or whites of Eggs beaten to ftroth,do loſe their tranſparen- 
cy andappear white. And having out of one of our leſſer Recei- 
yers carefully drawn out the Air,ando order'd it, that the hole by 
which the Water was to get in, was exceeding ſmall, that the Li- 
quor might be the more broken in its paſſage thorow it , we ob- 
ſerv'd with pleaſure, That,the Neck being held ander Water, and 
the little hole newly mention'd being open'd,the Water that ruſhy 
ed in was ſo broken, and acquired ſuch a multitude of new Surta- 
ces,that the Receiver ſeem'd to be full rather of Milk then Water. 
We have likewiſe found our, That by heating a lump of Cryſtal 
to a certain degree,and quenching it in fair Water, it would bedil- 
continu'd by ſuch a multitude of Cracks,(which created new Surfa- 
ces withinit) that though it would not fall aſunder, but rerain its 
former ſhape, yet it would loſe its tranſparency,and appear white. 
Upon theſe Confiderations,My Lora, & ſome others,it ſeem'd 
Not abſur'd ro imagine”, That upon the ruſhing of the Air out of 
the Receiver into the empty'd Cylinder, the Air in the Receiver 
being ſuddenly and vehemently expanded, the Texture of it was - 
as ſuddenly alter'd,and the parts made ſo to ſhift places(& perhaps 
ſome of them to change poſtures) as during their new & gn 
| Y Jn "tio 
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Motion and their varied Situation, to diſturb the wonted conti- 
nuity,and ſo the Diaphaneity of che Air ; which(as we have alrea- 
dy noted)upon its ceaſing to bea tranſparent Body,without the in- 

terpoſition of colour'd things, muſt eaſily degenerate into white, 
Several things there were that made this Conjeure ſeem the 
leſsimprobable. As firſt, That the whiteneſs always appear'd 
reater when the exſ{ufion began to be made, whil'it there was 
ore of Air inthe Receiver, then when the Air was in great part 
drawn out, And next, That, having exhauſted the Receiver, 
and apply'd tothehole in the Stop- cock alarge bubble of clear 
Glaſs, in ſuch a manner, that we could at pleaſure let the Air paſs 
out at the ſmall Glaſs into the great one, and eaſily fill the ſmall 
one with Air again, We obſerv'd with pleaſure, That, upon the 
opening the paſſage betwixt the two Glaſſes, the Airin the ſmal- 
ler having ſo much room in the greater to receive it, the Diſſili- 
tion of that Air was ſo great, that the ſmall Viol ſeem'd to be 
full of Milk ; and this Experiment we repeated ſeveral times. 
To which we may adde, That, having provided a ſmall Recei- 
ver, whoſe upper Orifice was ſo narrow that I could ſtop it with 
my Thumb, I obſerv'd, that when, upon the exſuction of the 
Air, the capacity of the Glaſs appear'd white, if, by a ſudden re- 
moval of my Thumb, I ler in the outward Air, that whiteneſs 
would immediately vaniſh, And whereas it may be objected, That 
inthe Inſtance formerly mention'd, Water turning from perſpi- 
cuous to white, there intervenes the Air, which is a Body of a 
Heterogeneous nature, and muſt turn it into Bubbles to make ic 
loſeits tranſparency. We may borrow an Anſwer from an Expe- 
riment we deliver 1n another Treatiſe, where we teach, how to make 
two very volatile Liquors, which being gently put together 
are clear as Rock-water, and yet will almoſt in a moment, with- 
out the ſub-ingreſſion of Air to turn them into Bubbles, ſo al- 
ter the diſpoſition of their inſenſible parts, as to becomea white 
and conſiſtent Body, And this happens not as in the precipitation 
of Benjamin, and ſome other Refinous Bodies, which being diſ- 
ſolv'dia Spirit of Wine, may, by the effuſion of fair Water, be 
DS turn'd 
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turn'd into 2 ſeemingly Milky ſubſtance, For this whiteneſs be- 
longs nat to the whole Liquor, but to the Corpuſcles of the dif- 
ſolv'd Gum, which after a while (ubſiding leave the Liquor tran. 
Parent, themſelves onely remiining white : Whereas in our caſe, 
*zis from the vary'd texture of the whole formerly tranſparent 
flaid Body, and nor from this or that part,that this whiteneſs re- 
ſalts: For the Body is white thorowour, and will long continue 
ſa; and yet may, in procels of time, without any addition, be 
totally reduc'd into a tranſparent Body as before. 

Bur beſides the ConjeRure infiſted on all this while, we ground. 
ed another upon the following Obſervatiog, which was, That ha» 
ving convey'd ſomeſmoke inco our Receiver plac'd againſt a Win« 
dow, we obſerv'd, that upon the ex{ution of the Air, the Cor- 
puſcles that were ſwimming in it, did maniteſtly enough make-the 
Receiver ſeem more opacous at the very moment of the ruſhin 
out of the Air: For conſidering that the whiteneſs, whoſe cans 
we inquire of, did but ſometimes appear, it ſeem'd not impuſlible 
bur that at ſuch times the Air in the Receiver might abound with 
Particles, capable of refleQing the Light in the manner requiſite 
ro exhibir a white colour , by their being pur into a certain unuſual 
Motion. As may bein ſome meaſure illuſtrated by this, That 
the new motion of the treſhly mention'd Fumes, made the infide 
of the Receiver appear ſomewhat darker then before: And part» 
ly by the nature of our formerly mention'd ſmoking Liquor , 
whoſe parts, though they ſeem'd tranſparent whil'ſt chey com- 
poſ'd a Liquor, yet when the ſame Corpuſcles, upon the unſtop- 
ping of the Glaſs, were put into a new motion, and diſpofd after 
anew manner, they did opacate that part of the Air they mov'd 

in, and exhibited 2 greater whiteneſs then that which ſometimes 
appears in our Pneumarical Veſſel, Nor ſhould we content our 
ſelves with this ſingle Inſtance, to manifeſt, That little Bodies, 
which being rapg'd after one manner,are Diaphanous and Colour- 
leſs, may, by being barely agitated, diſper('d, and conſequently 
atherways rang'd, exhibit a colour, if we were not unwilling torob 
our Colletion of Experiments concerning Colours, 
| But, 
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' Bur, My Lord, I foreſee You may make ſome ObjeQions a« 
painft our propoſed gheſs, which perhaps I ſhall ſcarce be able co 
anſwer, eſpecially, it You inſiſt upon having me render a Reaſon 
why our Phenomenon appears not conſtantly. 

might indeed anſwer, that probably it would do ſo, if inſtead 
of our great Receiver we uſe (uch a (mall Viol as we have lately 
mention'd, wherein the Difſilition of the Air being much greater,is 
like to be the more conſpicuous: Since I remember not that we 
ever made our tryal with ſuch ſmall Veſſels, without finding the 
expected whiteneſs to appear. Bur it would remain to be expli- 
cated, why in our great Receiver the Phenomenon ſhould ſome- 
times be ſeen, and oftentimes not appear. And though that Con- 
jeure which we laſt madeſhould not be rejeRed, yet if we were 
farther preſl'd to aſſign areaſon why the Air ſhould abound with 
ſuch Particles, as we there ſuppoſe, more at one time then ano- 
ther, we are not yet provided of any better Anſwer, then this ge. 
neral one, That the Air about us, (and much more that within the 
Receiver,)may be much alter'd by ſuch cauſes as few are aware of : 
For, not to repeat thoſe probable Arguments of this Aſlertion 
which we have occaſionally mention'd here and there in the former 
part of this Epiſtle, we will here ſet down two or three Inſtances 
to verifie the ſame Propoſition, Firſt, I finde that the Learned 
Foſephus Acoſta, among other Judicious Obſervations he made 
in America, hath this concerning the Eff:c&s- of ſome Winds : 


Sea, and make it green, and black , others, clear as Cryſtal. Next, 


fof ph: 4A- 


coſta: Nate 


There are (\aith he) Winds which naturally trouble the Water of the & or: 


Hyſt.of the 
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we have obſerv'd, That though we convey'd into the Receiver our ;. cap. g. 


Scales, and the Pendula formerly mention'd, clean and bright z 
yet after the Receiver had been empty'd, and the Air let in again, 
the gloſſe or luſtre both of the one, and of the other, ap- 
pear'd tarniſh'd by a beginning ruſt. And inthe laſt place, we 
will ſubjoyn-an Obſervation we made ſome Years ago , which 
hath been heard of by divers Ingenious Men, and {een by ſome of 
them : We had, with pure Spirit of Wine, drawn a T mGure out 
of a certaig Concrete which uleth to be reckon'd among Mineral 
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Bodies ; And this TinQure being very pure and tranſparent, we 
did, becauſe we put a great value upon it, put into a ChryRal Viol 
which we carefully ſtopp'd, andlock'd up in a Preſs among ſome 
other things that we ſpecially priz'd. This Liquor being a Chy- 
mical Rarity, and beſides very defecate, and of a pleaſing Golden 
colour ; we had often occaſion to look uponit, and fo to take no- 
tice, that one time it ſeem'd ro be very much troubled, and nor 
clear as it was wont to be : Whereupon we imagined, that though 
it would be ſomething ſtrange, yet it was not impoſſible, that ſome 
Precipitation of the Mineral Corpuſcles was then happening, and 
that thence the Liquor was opacated. Bur, finding after ſome 
days that though the expected Precipitation had not been made, 
yet the Liquor, retaining its former vivid Colour, was grown 
clear againas before z we ſomewhat wondered at it, and locking it 
up again in the ſame Preſs, wereſolved to obſerve, both whether 
the like changes would again appear in our Tinurez and whether 
in caſe they ſhould appear, they would be aſcribable to the altera- 
tions of the Weather. But chough, during the greateſt part of a 
Winter and a Spring, we took pleaſure to obſerve, how the Li- 
quor would often grow turbid, and zfter a while clear again: Yet 
we could not finde that theſe Mutations depended upon any that 
were manifeſt in the Air, which would be often dark and clouded, 
when the TinGure was clear and tranſparent ; es on the other fide, 
inclear Weather the Liquor would appear ſometimes troubled, 
and more opacous. So that being unable to give an account of 
theſe odde changes in our TinQure (which we ſuppoſe we have not 
yet loſt, though we know not whether it hath loſt its fickle Na- 
ture) either by thoſe of the Air, or any thing elfe that occurr'd to 
our thoughts ; we could not but ſuſpeR, that there may bein di- 
vers Bodies, as it were Spontaneous Mutations , that is, ſuch 
changes as depend not upon manifeſt Cauſes. But, My Lord,what 
hath beenall this while ſaid concerning our Phenomenon, is offer'd 
to You, not as containing a ſatistatory account of it, but to aſſiſt 
Youto give Your (clt one. 
EXPERL., 
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EXPERIMENT XXXVIII, 


VVE tooka Glaſs Veſſel, open at thetop, and into it we 

put amixtureof Snow and common Salr, (ſuch a mixture 
as we have in another Treatiſe largely diſcourſed of) and into 
the midſt of this mixture we ſet a Glafſe, of a Cylindrical 
form, cloſely ſtopp'd at the lower end with Plaiſter, and open 
2t the upper, at which we fill'd it with common Water. Theſe 
things being let down into the Receiver, and the Pump beiag ſer 
on work, the Snow began to melt fomewhar falter then we expeR- 
ed z Whether upon the account of the ExſuRion of the Air, or - 
becaule there was bur little of the Snow, or whether for any other 
Reaſon, it appear'd doubtful. But however, by that time the 
Receiver had been conſiderably exhauſted, which was done in leſs 
then 7; of an hour, we perceived the Water near the bottom of 
the Glaſs Cylinder to Freeze, and the Ice by alittle longer ſtay, 
ſeem'd to encreaſe, and to riſe ſomewhat higher then the ſur- 
face of the ſurrounding Liquor, whereinto almoſt all che Snow 
and Salt were reloly'd. The Glaſs being taken our, it appear'd 
that the Ice was 2s thick as the infide of the Glaſs it fill'd, though 
into that I could put my Thumb. The upper ſurface of the Ice 
was very concave, which whether it were que to any unheeded 
accident, or to the exſuftion of the Air, we leave to be deter- 
min'd by farther tryal, And laſtly , the Ice held againſt the 
Light, appear'd not deſtitute of Bubbles, though ſome By- 
ſtanders thought they were fewer then would have been tound if 
the Water had been trozen inthe open Air. The like Experiment 
wetry'dalſo another timein one of our {mall Receivers, with not 
unlike ſucceſs, 

And on this occaſion, My Lord, give me leave to propoſe a 
Problem , which ſhall be this: Whence proceeds that ſtrange 
force that we may ſometimes obſerve in frozen Water, to break 
the Bodies that Impriſon it, though hard and ſolid ? Thar there 
is ſuch a force in Water expoſ'd to Congelation, may be gather- 
ed not onely from what may be often obſerv'd in Winter, we 
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the burſting of Glaſſes toocloſe ſtopp'd, fill'd with Water or x 
queous Liquors, but by Inſtances as much more conſiderable as 
lefs obvious, For I remember, that an Ingenious Stone-cutter 
not long ſince complain'd co me, That ſometimes, through the 
negligence of Servants, the Rain being ſuffered to ſoak into Mar» 
ble Stones, the ſupervening violent Froſts would burſt the Stones, 
to the Poſleſſor's no (mall damage. And I remember another 
Tradeſ man, in whoſe Houſe I had Lodgings, was laſt Winter 
complaining, that even Implements made of Bell-metal, bein 
careleſly expoſ'd to the wet, have been broken and ſpoil'd by the 
Water, which, having gotteninto the little Cavities and Crannies 
of the Metal, was there afterwards frozen and expanded into [ce. 
And to theſe Relations, we can adde one of the formerly mention'd 
Cabens's, whereby they not onely may be confirm'd, bur are ſur- 
paſl'd : For he tells us, That he ſaw a huge Veſſel ofexceeding hard 
Marble, ſplic aſunder by congeal'd Water, whoſe rarefaQtion, 
faith our Author, prov'd ſo vehement, that the. hardneſs of the 
Stone yieldzdto it ; and ſoa Veſlel was broken, which would not 
have beenſo by x00 Yoke of Oxen drawing it ſeveral ways, I 
know, My Lord, that to ſolve this Problem, it will be ſaid, That 
Congelation doth not (as is commonly, but erroniouſly preſum'd) 
reduce Water into leſs room then it poſſeſl'd betore, bur rather 
makes 1t take up more. And I haveelſewhere prov'd by particu» 
lar Experiments, That whether or no Ice may be truly (aid to be 


x Water rarefi'd (for that ſeems queſtionable) it may be ſaid to take 


up more room then the Water did before Glaciation. But though 
we grant that freezing makes Water ſwell, yet, how cold (which 
in Weather-Glaiſes maaiteſtly condenſeth the Air) ſhould expand 
either the Water, or the intercepted Air ſo forcibly, as to per- 
form ſuch things as we have newly related, will yer remain a 
Problem. 


w_ 


V 


EXPERIMENT XXXIX. 


E took an Oval Glaſs, clear and (leaſt it ſhould break) 
pretty ſtrong, with a ſhort Neck at the obtuſer _ 
throug 
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through this Neck, we thruſt almoſt to the bottom, a Pipe of 
Glaſs, which was cloſely cemented to the newly mention'd Neck, 
the upper part of which Pipe, was drawn in ſome places more 
ſlender then a Crows Quill, that the changes of the Air in thax 
Glaſs Egge might be the more conſpicuous ; Then there was con 
vey'd intothe Glaſs five or ſix Spoon-fulls of Water, part of - 
which, by blowing Air into the Egge, was raiſ'd into the above- 
mention'd {lender part of the Pipe, fo that the Water was inter- 
poſ'd between the external Air, and that included in the Egge. 
This Weather-glaſs (delineated in the fourteenth Figure) was (0 
plac'd, andclol'd up in the cavity of one of our ſmall Receivers, 
that onely the ſlender part of the Pipe, to the heighth of four or 
five Inches, paſſing thorow a hole in the Cover remain'd expoſ'd 
to the open Air. 

The Pump being ſet a work, upon the ExſuRtion of the Air, 
the Water inthe Pipe deſcended about a quarter of an Inch, and 
this upon two or three reiterated tryals; which ſeem'd ſufficient- 
ly to argue, that there was no heat produc'd in the Receiver upon 
the exſuction of the Air: For evena little heat would probably 
have been diſcover'd by that Weather-glaſs, fince upon the bare 
application of my hand to the out-f1de of the Receiver , the 
warmth having atter ſome time been communicated or propaga- 
ted through both the Glaſſes, and the interval betwixt them, 
to the Impriſon'd Air, did ſo rarefte that, as to inableit, by 
prefling upon the ſubjacent Water, to impel that in the Pipe ve+ 
ry many times as far as it bad fallen downwards upon the exſ\uction 
of the Air. 

Yer ſhall not we conclude, that in the cavity of the Receiver 
SG cold was greater after the ExſuQion of the Air then be- 

re. 

For it it be demanded what then could cauſe the fore-menrion'd: 
ſubſiding of the water ? it may be anſwered, That probably ir 
was the reaching of the Glaſs Egge, which, upon the Exſuction, 
of the ambient Air, was unable to refiſt altogether as much ag 
formerly the prefiure of the included Air, and of the Armo- 

ori lth ſphere,, 
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ſphere, which, by the intervention of the Water, prefſ'd upon 
its concave {urtace: Which ſeem'd probable, as well by what was 
above deliver'd, in the Experiment about the breaking of the 
Glaſs by the force of the Atmoſphere; as by this notable Cir. 
cumſtance (which we divers times obſerv'd) That when by dray- 
ing the Air out of the Receiver, the Water in the Pipe was ſub. 
fided, upon the re-admifſion of the external Air, to preſs againſt 
the convex ſurface of the Egge,the water was preſently re-impell'd 
to its former height: Which would perhaps appear leſs ſtrange to 
Your Lordſhip, if You had yet ſeen, what we have heretofore 
taught in another Treatiſe,concerning the Spriag that may be diſ- 
cover'd in Glaſs, as rigid and inflexible a Body as it is general] 
eſteem'd. And in the mean while it may ſerve the turn, to cauſe 
a Glaſs Egge to be blown exceeding thin z and then, having bro- 
ken it, try how far you can by degrees bend ſome narrow parts of 
itz and how readily, upon the removal of what kept it bent, ir 
will reſtore it ſelf ro its former ſtate or poſture. But to return 
toour Experiment: From thence it ſeems probable, either that 
there ſucceeds no Body in the room of the Air drawn out of our 
Receiver; or that it is not every Matter that is ſubtle enough rea- 
dily to paſs through the Pores of Glaſs, that 1s always agitated e- 
nough to produce Hear where ever it is plentifully found. So 
thatit no Yacuum be to be admitted, this Experiment ſeems to 
invite us to allow a great diſparity, either as to bulk, oras to agi- 
tation,or as to both, betwixt ſome parts of the Etherial Subſtance, 
and thoſe that are wont here below to produce Heat and Fire, 

Wetcy dalſo what Operation the drawing out of the Air would 
have upon Camphire, that _ a Body, which, though not a 
Liquor, conſiſts of ſuch Volatile or Fugitive parts, that withour 
any greater agitation then that of the open Air it ſelf, they will 
copiouſly flieaway, But we found not that even this looſe Body 
was ſenfibly alter'd by the Exſ(uRion of the ambient Air. 


EXPERI- 
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EXPERIMENT XL, 


T may ſeem well worth trying , whether or no in ourexhan- 

[| ſted Glaſs the want of an ambient Body, of the wonted thick- 
neſs of Air , would diſable even light and little Animals, as 

Bees , and other winged InſeQs, to flie. But though we eaſily 
foreſaw how difficult it would be to make ſuch an Experiment x 
yet not to omit our endeavors : We procur'd a large Fleſh fly, 
which weconvey'd into a ſmall Receiver. Wealſo another time 
ſhur into a great Receiver a Humming Bee, that appear'd ſtrong 
and lively, though we had rather have made the tryall with a 
Butter-fly, if the cold Seaſon would have permitted vs to finde 
any, * The Fly, after ſome Exſuctions of the Air, "Ro P 
dropp'd down from the {ideof the Glaſs whereon ſhe rank bo 
was walking : But, that the Experiment with the Bee cud « white Butter- Fly, 
might be the more inſtruive, we convey'din with j* 11c/o/ed if in ove of our 
her a bundle of Flowers, which remain'd ſuſpended ouch at 6 be uttered 
by a ſtring near the upper part of the Receiver: And aud 4own, yet preſcatly, 
having provok'd the Bee, we excited her to flie up {;; wt. anon Ny 
and down the CaPac Ity of the Veſlel, till at length, as ſwoon, vetaining no othey 
we defir'd, ſhelighted upon the Flowers ; whereupon eee ly URI 
we preſently began to-draw out the Air, and obſery'd, 0087 
That though tor ſome time the Bee ſeem'd to take no notice of it, 
yet within a while after ſhe did not flie, bur fall down from the 
Flowets , without appearing to make any uſe of her Wings to 
help her (elf. Bur whether this fall of the Bee, and the other In- 
ſe&t, proczeded from the meJiums being too thin for them to 
fliein, or barely from the weakneſs, and as it were ſ{wooning 
ofthe Animals themſclves , you will eafily gather from the tollo- 
wing Experiment, 


EXPERIMENT KXLI. 


T? Catisfie our ſelves in ſome meaſure, about the account up- 

on which Reſpiration is ſo neceflary to the Animals, that 

Nature hath furniſhed with Lungs, 1 took (being then unable 
[ 
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to procure any other lively Bird, ſmall enough to be pur into the 
Receiver) a Lark, one of whoſe Wings had been broken by a 
ſhot ofa Man, that we had ſent to provide us ſome Birds tor our 
Experiment ; but notwithſtanding this hurt , the Lark was very 
lively , and did, being put into the Receiver, divers times ſpring 
up inittoa good height, The Veſſel being haſtily , but care- 
fully cloſd , the Pump was diligently ply'd, and the Bird for a 
while appear'd lively enough z but upon a greater Exſuction of 
the Air , ſhe began manifeſtly to droop and appear lick, and ve- 
ry ſoon after was taken with as violent and irregular Convullfions, 
as are wont to be obſerv'd in Poultry, when their heads are wring 
off: For the Bird threw her ſelf over and over two or three times, 
and dyed with her Breaſt apward , her Head downwards, and her 
Neck awry. And though upon the appearing oftheſe Conyul- 
ſions, we turn'd the Stop- cock, andler in the Air upon her, yer 
it came too latez whereupon, caſting our eyes upon one of thoſe 
accurate Dyals that go with a Pendulum , and wereof late inge- 
niouſly invented by the Noble and Learned Hugenins , we found 
that the whole Tragedy had been concluded within ten Minutes 
of an hour, part of which time had been imploy'd in cementing the 
Cover tothe Receiver. Soon after we got a Hen-ſparrow which 
being caught with Bird-lime was not at all hurt, :when we 
Put her into the Receiver, almoſt to the top of which ſhe would 
briskly raiſe her ſelfe, the Experiment being try'd with this 
Bird, as it was with the former , ſhe ſeemed to be dead with- 
in ſeven minutes, one of which were imployed in cementing 
on the Cover: But upon the ſpeedy turning of the Key , the 
freſh Air flowing in , began ſlowly to revive her , ſo that after 
ſome pantings ſhe opened her eyes, and regain'd her feet, and 
in about a + of an hour atter, threatned ro make an eſcape 
at the top of the Glaſs, which had been unſtopped to let in 
the freſh Air upon her: But the Receiver being cloſed the 
fecond time, ſhewas killed with violent Convulfions, within 
five' Minutes from the beginning of the Pumping. 

A while after we put in a Moule, newly taken, in ſuch a Trap * 
a5 
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25 had rather affrighted then hurt him  whil'ſt he was leaping up 
very highin the Receiver, we faſten'd the Cover toit, expeR- 
ing that an Animal uſed to livein narrow holes with very little 
freſh Air, would endure the want of it better then the lately men- 
tioned Birds: But though, fora while after the Pump was ſer a 
work , he continued leaping up as before; yet, 'twas not 1o 

ere he began to appear fick and giddy, and to ſtagger : after which 
he fell down as dead , but without ſuch violent Convulſions as 
the Bird dyed with. Whereupon, haſtily turning the Key, we 
let in ſome freſh Air upon him, by which he recovered , after a 
while , his ſenſes and his feet, but ſeemed to continue weak and 
fick : Buratlength , growing able to skipas formerly, the Pump 
was plyed again for eight minutes, about the middle of which 
ſpace, ifnot before, a very little Air by a miſchance got in at the 
Stop-cock ; and about two minutes after that, the Mouſe di- 
verstimes leap'd up lively enough, though after about two mi- 
nutes more he fell down quite dead, yet with Convulſions far 
milder then thoſe wherewith the two Birds expired. This alacri- 
ty ſolittle before his death , and his not dying ſooner then at the 
end of the eighth minute, ſeemed aſcribable to the Air (how 
little ſoever) that ſliprt into the Receiver. For the firſt time, thoſe 
Convulfions(that,if they had not been ſuddenly remedied, hadim-« 
mediately diſpatch'd him) ſeiſed on him in f1x minutes after the 
Pump began to be ſet awork. Theſe Experiments ſeemed the 
more ſtrange, inregard that during a great part of thole few mi- 
nutes the Engine could but conſiderably rarefie the Air ( and that 
too, but by degrees) and at the end of them there remained ia the 
Receiver no inconfiderable quantity z as may appear by what we 
have formerly (aid of our not being able to draw down Water ina 
Tube, within much leſs then a Foot of the botrom: with which we 
likewiſe conſider'd,that by the ex{ution of the Air and interſper- 
ſed Vapars, there was left in the Receiver a ſpace ſome hundreds of 
times exceeding the bigneſs of the Animal, to receive the tuligi- 
nous Steams, from which ,, expiration diſcharges the Lungs z 
and, which ia the other caſes hitherto known, may be ſuſpected, 
| [Z3] . for 
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for want of room, to ſtifle thoſe Animals that are cloſely pen'd up 
in too narrow Receptacles. 

I forgot to mention, that having cauſ'd theſe three Creatures 
to be open'd, Icould, in ſuch ſmall Bodies, diſcover little of 
what we ſought for, and what we might poſhbly have found 

in larger Animals; tor though the Lungs of the Birds appear'd 
very red, and as it were inflam'd , yet that colour being uſual e- 
nough in the Lungs of ſuch winged Creatures , deſerves nor (0 
much our notice, as it doth , That in almoſt all the deſtructive 
Experiments made in our Engine, the Animals appear'd to die 
with violent Convulſive Motions: Fromwhich , whether Phy. 
firianscan gather any thing towards the Diſcovery of the Nature 
of Convulſive Diſtempers , I leave to them to con{ider. 

Having proceeded thus far , though (as we have partly inti- 
mated already ) there appear'd not much cauſe to doubt, bur that 
the death of the fore-mention'd Animals proceeded rather from 
the want ot Air, then that the Air was over-clogg'd by the ſteams 
of their Bodies, exquiſitely pen'd up in the Glaſs ; yet I, char love 
not to believe any thing upon Conjetures, when by a not over- 
difficult Experiment Ican try whether it betrue or no, thought 
it the ſafeſt way to obviate Objections , and remove Scruples, by 
ſhutting up another Mouſe as cloſe as I could inthe Receiver, 
wherein it livedabout three quarters of an hour ; and might pro- 
bably have done ſo much longer , had not a Yzrtzoſs of quality, 
who in the mean while chanc'd tomake me a Vifit, defir'd to ſee 
whether or no the Mouſe could be kill'd by the exſuftion of the 
ambient Air, whereupon we thought fit to open, for a little 
while, an intercourle berwixt the Air in the Receiver, and that 
withoutit, that the Mouſe might thereby ( if it were needfull for 
him) be retre{k'd, & yet we did chis withont uncementing the Co- 
ver at the top, that it might not be objeed,that perhaps the Vel- 
{el was more cloſely ſtopp'd for the exſucion of the air then before, 

- The Experiment had this event, that after the Mouſe had 
liv'd ten Minutes, ( which we aſcrib'd to this that the Pump, 
tor want of having beealately Oyled, could move but {lowly - 
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could not by him that manag'd it, be made to work as nimbly as 
it was wont ) at the end of that time he dy'd with Convullive 
Firs, wherein he madetwo or three bounds into the Air, before 
he fe}l down dead. 

Nor was I content with this, but for Your Lorcſhips farther 
ſatisfaction, and wy own, I cauſed a Mouſe, tha: was very hun- 
gry, to be ſhutin all Night, with a Bed of Paper for him to reſt 
upon: And to be ſure that the Receiver was well cloſ'd, I cauf'd 
ſome Air to be drawn out of it , whereby, perceiving that there 
was no (enſtb'/e leak, I preſently re admitred the Air at the Stop- 
cock, leſt the want of it ſhould harm the little Animal; and then 
I cauſed the Engine to be kept all Night by the Fire ſide, to keep 
him from being deſtroyed by the immoderate cold of the Froſty 
Night. And this care ſuceeded ſo well , that the next Morning 
I found that the Mouſe not onely was alive, but had devour'd a 
good part of the Cheeſe that had been put in with him. And 
having thus kept him alive full ewelve hours , or better, we did, 
by ſucking our part ofthe Air, bring him to droop, and to ap- 
pear ſwell'd , and by letting in the Airagain , we ſoon reduc'd 
him to his former livelineſs. 
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eA Digreſſuon containing ſome Doubts 
touching Feſpiration. 


I Fear Your Lordſhip will now expedt, that to theſe Experi- 


ments I ſhould adde my Refleions on them, and atrempr, 

by their afſiſtence, to reſolve the Difficulties that occur a- 
bout Reſpiration ; fince at the beginning I acknowledg'd a far- 
ther Enquiry into the Narure of that , to have been my Deſign 
inthe related Tryals, Bur Ihave yet , beczuſe of the inconye- 
nient Seaſon of the Year,made ſo few Experiments, and have been 
ſo little ſatiſHed by thoſe I have been able to make,, that they 
have hitherto made Reſpiration appear to me rather a more, then 
a leſs Myſterious thing, then it did before, Bur yer , fince they 
have furniſhed me with ſome ſuch new Conſiderations, concer- 
ning the uſe of the Air, as confirms me in my Diffidence of the 
Truth of what is commonly believ'd touching that macter ;* That 
T may not appear ſullen or lazy, I am content not to decline em» 
ploying a few hours in ſetting down my Doubts, in preſenting 
Your Lordſhip ſome Hints , and in conſidering whether the Try- 
als made in ourEngine, will at leaſt aſſiſt us co diſcover wherein 
the Deficiency lies that needs to be ſupplyed. 

And this, My Lord, being all my preſent Deſign, I ſuppoſe 
You will nog expe that (as if You knew not, or had forgotten 
what Anatomiſts are wont toteach ) I ſhould entertain You with 
a needleſs Diſcourſe of the Organs of Reſpiration , and the vari- 
ety of their Structure in ſeverall Animals; thoughif it were ne- 
ceſſary , and had not been perform'd by others, I ſhould think , 
with Galen, that by treating of the Fabricks of living Bodies, 
I might compoſe Hymns to the wiſe Author of Nature, who, 

in the excellent contrivance of the Lungs, and other parts of 
(thoſe: admirable- Engines) Animals, manifeſts himſelf to be 
indeed what the Eloquent Prophet moſt juſtly ſpeaks him, Wor- 

der full in Councel , and excellent in working. R 
or 
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Nor ſhall we any farther meddle with thoſe Controverſies ſo 
much agitated among the Moderns, namely, Whether the motion 
of the Lungs in Reſpiration be thetr own, or but conſequent to the mo- 
tion of the Thorax, Diaphragme, and (as ſome Learned Men 
would haveit) the CAbqomen; And, Whence it is that the Air 
ſwells the Lungs in Inſpiration, any farther then they may re- 
ceivelight trom our Engine : But that it may appear what kinde 
of ſeryice it is that may beexpected from it on this occafion , we 
muſt premiſe a tew Words to ſhew wherein the ſtrength of the 
Objection we are to anſwer, lies: In favor then of thoſe thar 
would have the Lungs rather paſhve thenaQtve inthe buſineſs 
of Reſpiration, it may againſt the common opinion be alledg'd, 
That as the Lungs being deſtitute of Muſcles and of Fibres, are 
unfit co dilate themſelves; fo it appears, that without the mo- 
tion of the Thorax they would not be fill'd with Air. Since as 
our Learned Friend Dr. Highmore hath well ( and congruouſly, 
to what our ſelves have purpoſely tryed) obſerved, ifa live 
Dog have a great wound made in his Cheſt, the Lobes of che 
Lungs onthart ſide of the Mediaſtinum will ſubſide and lie ſtill , 
the Thorax and the Lobes on the other fide of the Mediaſti- 
zu , continuing their former motion. And if ſuddenly at 
once the Muſcles of the Cheſt be on both fides diſleted, up- 
on the Ingiels of the Air , the whole Lungs, though untouch'd, 
will remain moveleſs, atleaſt, as toany expanſion or contra- 
Ron ot their ſubſtance, 

To which we may adde the Obſervation of the diligent Bar- 
tholinus, who affirms the like of the Diaphragme allo, namely, 
Thatit being wounded, the Lungs will fall rogether, and the 
Reſpiration ceaſe, which my Experiments oppoſe nor , provi- 
ded rhe W ound be any thing great. And indeed the m—_ 
me ({cems the principal Inſtrument of ordinary and gentle Reſpi- 
ration , although to reſtrained Reſpiration (if I may lo call it) 
the intercoſtal] Muſcles , and perhaps ſome others may be allow- 
edeminently to concur. But the chiet ofthe Controverſies for- 
merly pointed at,is not yet decided,namely,what jt is that conveys 
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the Air into the Lungs. For when, to counterballance all that 
hath been alleadg'd , thoſe that plead for the Lungs demand what 
it is that ſhould bring the Air into the Lungs,if themſelyes do nax 
attrat it , their Antagoniſts diſagree about the Reply, For 
when to this queſtion ſome of the beſt Modern Philoſophers an- 
ſwer, That by the dilatationof the Chet the contiguous Air is 
thruſt away , and that preſſing upon thenext Airto it, and ſo on- 
wards , the Propulſion it continued till the Air be driven into the 
Lungs, and ſo dilate them: When this ( I ſay ) is anſwered, 
it is Objected even by Bartholine himſelf, as a convincing Reply, 
that, according to this Doctrine, a Man could not fetch his Breath 
ſrom a great Veſſel full of Air, with a ſlender Neck, becauſe, 
that when his Mouth covers the Orifice of the Neck, the dilata- 
tion of his Thorax couldnot propell the Air in the Veſſel into his 
Lungs, by reaſon of its being ſeparated by theincloſfing Vellel 
from theambient Air, and yet,ſay they, Experience witneſſerh, 
that out of ſuch a Veſſel a Man may ſuck Air. But of this difhi- 
culty our Engine turniſheth us with an eaſfte Solution, ſince many 
ofthe former Experiments have maniteſted, Thar in the caſe pro- 
poſed , thereneeds not be made any ( though 'tis true that in or- 
dinary Reſpiration there is wont to be made ſome ) propulſion 
ofthe Air by the ſwelling Thorax or Abdomen into the Lungs; 
{ince uponthe bare Dilatation of the Thorax, rhe Spring of that 
internal Air , or hzlituous ſubſtance that is wont to poſleſs as 
much of the Cavity of the Cheſt as the Lungs fill not up, being 
much weaken'd, the external and contiguous Air muſt neceſlarj- 
ly preſs in at the open Winde-Pipe into the Lungs, as finding 
there leſs reſiſtance then any where elſe about it. 

And hence { by the way ) we may derive a new affiſtance to 
judge of that famous Controverſie diſputed among Naturaliſts 
and Phy fitians , ever fince Galens time, ſome maintaining that 
the Cheſt, with the contained Lungs, may be reſembled to a 
pair of Bellows, which comes therefore to be 611'd becauſe it was 
dilated: And others pleading to have the compariſon made toa 
Bladder, which 1s therefore dilated becauſe it is fill'd, For as t0 
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the Thorax, it ſeems evident from what hath been lately ſaid, that 
ic, like a pair of Bellows, happens to be partly fill'd with Air, but 


' becauſe it was dilatad : Bur as for the Lungs themſelves, who wang 


Fibres to diſtend them, they may ficly enough be compar'd to a 
Bladder , ſince they are dilated by being fill'd, namely, by thar 
Air which ruſheth into them upon the dilatation of the Cheſt, in 
whole increaſed Cavity it findes (as we freſhly noted) leſs refiſt- 
ance to its Spring then elſewhere. And this brings into my minde 
that ſtrange Obſervation of Nicolaus Fontanw, a Phylitian at 
LAmſterdam,who teſtifieth, That ina Boy ot the ſame Town, four 
years old, there was found, inſtead of Lungs, a certain Membra- 
nous Blader ; which being fill'd with Wind, and turnifh'd with 
little Veins,had its origination from the Wind- Pipe it felt ; which 
being ſuppoſ'd true, how well it will agree with moſt of the Opi- 
nions touching Reſpiration, I leave to be confider'd, 

An1 thus may the grand Objection of Bartholine, and others, 
be anſwered : But I leave to Anatomiſts to conſider what is to be 
ſaid ro ſome Oblervations that ſeem to contradci rhoſe Anatomi- 
cal Experiments already mention'd : Such was particularly that w< 
I remember I have read in Sexnertus (from the obſervation of his 
Facher-in-law Schato) of a Melancholy Student, who having 
ſtabb'd himſelf, and pierced the Diaphragme in the thinner or ten- 
donous part (call'd by many the Nervous Circle) lived ſeven 
Moneths after he had wounded himſelf, though aſter his death(pre- 
ceded by violent Vomitings) the Wound (perchance dilared by 
theſe ſtrainings) appear'd ſo great, that the whole Sromack was 
tound to have got 1n by itinto the let ſide of the Thorax. And 
ſuch alſo was the accident that happen'd to a Noble Man, whom 
I remember Ihaveſcen, and who is yet alive, in whoſe Cheſt there 
hath, tor theſe many years, zemain'da hole ſo great, that the mo- 
tion of his Heart may be perceiv'd by it, Thele (I ſay)and ſome 
other Obſervations, I ſhall now forbear to inſiſt on, becauſe I 
hold it not unfit, before we come to confider the uſe of Reſpira- 
tion, that we acquaint Your Lordſhip with an Ingenious Conje- 
(ture, that was made at the cauſe of the haſty death of the Ani- 

L AaJ mals 


(178) 
mils our Engine kill'd: namely , That it was not the want of Air 
that deſtroy'd them , but the Preſſure of the innate Air in the ca- 
vity of the Cheſt ; as if the Spring of this Air being no longer 
counterballanc'd by the ambient Air, was thereby become fo 
ſtrong, that it kept the Thorax forcibly diſtended, and hinder'd its 
wonted contration; & ſo compreſſed the Lungs & theirVeſlels, 
as to obſtru the Circulation ot the Blood. And this ConjeQure, 
as itis ſpecious enough,ſo I might have admitted ir for true ; but 
that I confider'd,that (not to mention that one, eſpecially of the 
Animals kill'd in our Engine,ſeemed manifeſtly for a pretty while, 
and not long before he dy'd,to move his Thorax, as if he exerciſd 
Reſpiration ) the diligent Wall 2s relates , That he divers times 
obſerved, in the Diſleion of live Bodies, that the Membrang 
that inveſts the Lungs, had Pores in it as big as the larger ſort 
of Peas ; which agreeth with the Obſervztions of Chyrurgions 
and Phy ſitians,viz. That matter collefted inthe Thorax, hath pe- 
netrated into the Lungs, & been diſcharged by coughing. - And 
I remember too, that moſt ot the Animals we kill'd in our En- 
gine were Birds , of whoſe Lungs Harvey ſomewhere informs us, 
That he obſerv'd them very marufeſtly to open at their Extremi- 
ties into the Abdomen: And by ſuch pertoritions we may well 
ſuppoſe the pailage free betwixt the external Air, and that in the 
Abdomen: But this ConjeQture may be farther conlider'd. Be- 
ſides, to ſhow that the Animals that dyed in our Glafſes, need 
not be ſuppoſed to have been kill'd by the want of Air, we fore- 
ſee another Argument that we muſt deal ſo ingeniobſly with 
Your Lordſhip, as not to conceal, You very well know, that 
beſides the generality of the Schools, there are many new Phi- 
loſophers who, though they difſent from the old Peripateticks 
in other things , do, as they, deny the poſſibility of a Yacuum; 
and hold, that thoſe ſpaces which are devoid of Air, and other 
grofſer Bodies, are all of them exa&ly repleniſked with a certain 
Etheriall Matter , ſo thin and ſubtle, that ir can freely perme- 
ate the Pores of the compaQtedſt and cloſeſt Bodies, andev'n of 
Glals it ſell, Now ſome of thoſe Naturaliſts that are of this Lok 
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ſwaſion may objeRt, That the Animals that died in our Recei- 
ver, did ſo, not ſo much for lack of Air, as by reaſon that the 
Air that was pump'd out was neceflarily ſucceeded by an Ethe- 
rial Subſtance ; which conGiſting of parts vehemently agitated, 
and ſo very ſmall, as without reſiſtance to paſs in and out through 
the very Pores of Glaſs; ic may well be ſuppoſed, that a 
confiderable quantity of this reſtleſs and ſubtle Matter , meeting 
together inthe Recerver, with the exceſſive heat of it, may be 
quickly able to deſtroy a littie Animal , or at leaſt, make the Air 
r00 intemperately hot to be fit for Reſpiration. 

But though this be a Difficulty not ſo eaſily to be reſolved 
without the aſſiſtance of our Engine , yet I ſuppoſe we have al- 
ready anſwer'd the Objection by our 38* and 39% Experiments 
which, though we made partly tor other purpoſes,yet we premiſ'd 
them onely to clear up the difficulty propoſed, 

Another ſuſpition we ſhould have entertain'd concerning the 
dezth of our Animals, namely, That upon the ſudden removal 
ofthe wonted preſſure of the ambient Air, the warm Blood of 
thoſe Animals was brought to an Efferveſcence or Ebullition, 
or at leaſt ſo vehemently expanded, as to diſturb the Circulation 
of the Blood, and ſo diſorder the whole Oeconomy of the Body. 
( This (1 ſay) I ſhould have had ſome ſuſpicion of ) but that A- 
nimals of a hot Conſtitution are not the ſole ones that cannot in 
our exhauſted Engine exerciſe the Function of Life, But I muſt 
not now cwel] upon matters of this nature, becauſe I think ic 
high time to proceed to the conſideration of the principall ſubje& 
of our Engine, namely, Theſe of Reſpiration z or rather, The 
uſe of the Air in Reſpiration. For whereas of the divers uſes of 
it mentioned by Anatomiſts the moſt , ſuch as che Production 
and Modulation of the Voice by the Eliſton of the Air,the Larynx 
&c. theexpulſion of Excrements by Coughing, the conveying 
in of Odours by Inſpiration, and ſome others, rather convent- 
ent for the well being of an Anima], then abſolutely neceſſary to 
his Life: Whereas (] ſay) the orher uſes are ſuch as we have {aid, 
The great Hippocrates himfelt gives this notable Teſtimony to 
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the uſe of the Air, as to Animals endow'd with Lungs : Mortali- 
bus (ſaith he) hic (ſpiritus) rum wite, tum morborum egrotis cauſa 
eſt. Tantaque corporibus omnibws ſpirits ineſt neceſsitas, ut ſiqui- 
dem aliis omnibus & cibss & potionibus, quts abſtineat, duos tamen 
aut tres, wel plures dies poſit vitam ducere : At ſi quis ſpiritus in core 
pus vias intercipiat, vel exigua diet parte, homini pereundum ſit , 
Ado neceſſarins eſt uſus | vehrs in corpore. Ad hec quoque, quum 
omnibus alits actionibus homines quieſcant, quod mutationibns in- 
aumeris vita ſit expoſita, ab hac tamen ſola aftione nunquam d:ſj- 
ſtant animantia, quin aut ſpiritum adducant, aut reddant, 

But touching the account upon which the Inſpiratioa and Ex- 
ſpiration of Air (both which are comprehended in a-25:09, Reſpi- 
ration) is ſo neceſlaty to Lite, both Naturaliſts and Phyſitizns do 
ſo diſagree, that it will be very difficult either to reconcile their 
Opinions, or determine their Controverſies. 

For firſt, Many there are who think the chief (if not ſole) uſe 
of Reſpiration to be the cooling and tempering of that Heat in 
the Heart and Blood, which otherwiſe would be immoderate: And 
this Opinion, not onely ſeems to be moſt receivedamongſt Scho- 
laſtick Writers, but divers of the new Philoſophers, Carteſians, 
and others, admitted with ſome variation , teaching, That the Air 
is neceſlary, by its coldnefſs, to condenſe the Blood that paſleth 
out of -the right Veatricle of the Heart into the Lungs, that there- 
by it may contain ſuch a conſiſtence, as is requiſite ro make it fit 
Fewel for the vital fire or lame, in the left Ventricle of the Heart. 
And this Opinion ſeems favor'd by this, That Fiſhes, and other 
cold Creatures, whoſe Hearts have but one cavity, are alſo un- 
provided ot Lungs, and by ſome other conſiderations. But though 
it need not bedeny'd, that the inſpir'd Air may ſometimes be of 
uſe by retrigerating the Heart; yer(againſt the Opinion that makes 
this Refrigeration, the moſt genuine and conſtant ule of the Air) 
it may be Obje&ted, That divers cold Creatures (ſome of which, 
as particularly Frogs, live in the Water) have yet need of Reſpi- 
ration, which ſeems not likely to be needed for Refrigeration by 
them that are deſticute{of any ſenſible beat, and beſides, live in 'r 
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cold Water: That even decrepid old Men, whoſe natural Heat is 
made very languid, and almoſt extinguiſh'd by reaſon of Age, 
have yet a neceſſity of frequent Reſpiration: Thar a temperate 
Air is fitteſt for the generality of breathing Creatures; and as an 
Air too hot, ſo alſo an Air too cold, may be inconvenient for 
them (eſpecially, if they be troubled with an immoderate degree 
of the ſame Quality which is predominant in the Air:) Thar in 
ſome Diſeaſes the Natural heat is ſo weaken'd, that in caſe the uſe 
of Reſpiration were to cool, it would be more hurttul then bene- 
ficial to Breath ; and the ſuſpending of the Reſpiration, may ſup- 
ply the place of thoſe very hot Medicines that are wont to be em- 
ploy'd in ſuch Diſtempers : That Nature might much better have 
given the Heart but a moderate heat, then ſuch an exceſſive one, 
as needs to be perpetually cool'd, ro keepit from growing deſtru- 
ive; which the gentle, and not the burning heat of an Animals 
Heart , ſeems not intenſe enough fo indiſpenſably to require, 
Theſe, and other Objections,might be oppor'd, and prefl'd again(t 
the recited Opinion: But we ſhall not inſiſt on them, but onely 
adde to them, That it appears not by our foregoing Experiments 
(I mean the 38'* and 39h; that in our exhauſted Receiver, where 
yet Animals die ſo ſuddenly for want of Reſpiration, the ambient 
Body is ſenſ1bly hotter then the common Air. 

Other Learned Men there are, who will have the very ſubſtance 
of the Air to get in by the Veſſels of the Lungs, to the lett Ven- 
tricle of the Heart, not onely to remper its he2r, but to provide 
for the generation of Spirits. And theſe ailedge for themſelves 
the Authority of the Ancients, among whom Hippocrates ſeems 
maniteſtly to tavor their Opinion, and both Ariſtotle and Galer 
do ſometimes (tor methinks they (peak doubtfuily enough)appear 
inclinable to it, Bur for ought ever I could (ee in DiſleRions, it 
is very difhcult to make out, how the Air is convey*dinto the lett 
Ventricle of the Heart, eſpecially the Syſtole and Diaſtole of ihe 
Heart and Lungs being very far from being Syncbronical : Be- 
ſides, that the Spirits ſeeming to be but the moſt ſubtle and un- 
Ruous Particles of the Blood, appear to be of a very —_ 
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Nature from that of the lean and incombuſtible Corpuſclg 
of Air. Other ObjeQions againſt this Opinion have been 
propoſed, and prefſ*d by that excellent Anatomiſt, and my Indy. 
ftrious Friend, Doctor Highmore, to whom I ſhall therefore 
refer you, 

Another Opinion there is touching, Reſpiration, which makes 
the genuine uſe of it to be Ventilation not of the Heart, but 
of the Blood, in its paſſage through the Lungs ; in which paſ- 
ſage, it is diſ- burthened ot thoſe Excrementitious Steams, pro- 
ceeding, for the moſt part, from the ſuperfluous Seroftties of the 
Blood, (we may adde) and of the Chyle too, which (by thoſe new 
Conduits of late very happily cerected by the famous Pecquer) 
hath been newly mix'd with it in the Heart.) And this Opinionis . 
that of the Induſtrious Meb/«s, and is ſaid to have been thar of 
that excellent Philoſopher Gaſſenass; and hath been in part an 
Opinioa almoſt vulgar: But this Hypotheſis may be explicated 
two ways : For firſt, The neceſſity ot the Air in Reſpiration, may 
be ſuppoſ'd to proceed from hence; Thatasa Flame cannot long 
burn in 3 narrow and cloſe place, becauſe the Fuliginous Screams it 
unceſſantly throws out, cannot be long receiv*d into che ambient 
Body ; which, after awhile, growing too full of them toadmir 
any more, ftifles the flame : So that the vital Fire in the Heart re- 
quires an ambient Body, of a yielding nature, to receive intoit 
the ſuperfluous Serofitics, and other Recrements of the Blood, 
whole ſeaſonable Expalſion is requiſite to depurate the Maſs of 
Blood, and makeit fit both to Circulate, and to miintain the vi- 
ral heat reſiding in the Hearc. The other way of explicating the 
above-mentioned Hypotheſes, is, by (ſuppoling, that the Air doth 
not onely, as a Recepracle, admit intoirs Pores the Excrementiti- 
ous vapors of the blood, when they areexpell'd through the Wind- 
pipe, but doth alſo convey them our of the lungs, in regard that the 
in(pired Air, reaching to all the ends of the Aſperas Arteria, doth 
there aſſociate it ſelf with che exhalations of the circulating Blood, 
and when 'tis exploded,carries them away w® it ſelf: as we ſee that 
wins ſpeedily dry up the ſurfaces of wet Bodies, not to ny 
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thing of what we formerly obſerved touching our Liquor, whoſe 
fumes were ſtrangely elevated uponthe Ingrefle of the Air. 

Now of theſe two ways of Explicating the uſe of Reſpiration, 
our Engine affords us this ObjeQion agaiaſt che firſt; That up- 
onthe ExſuRion of the Air , the Animals die a great deal ſoon- 
er then if it were left in the Veſlel, though by that Exſucion 
the ambient ſpace is left much more free to receive the ſteams 
that are either breathed out of the Lungs of the Animal, or 
diſcharg'd by inſenſible Tranſpiration through the Pores of 
his Skin. | 

But if the Hypotheſis propoſ'd, be taken in the other ſenſe, 
it ſeems congruous enough to that grand obſervation , which 

partly the Phenomena of our Engine, and partly the relations 
of Travellers, have ſuggeſted rous: namely, That there is a 
certain conſiſtence of Air requiſite to Reſpiration; ſo that if it 
be too thick, and already over-charged with vapors , it will be 
unfit to unite with, and carry off thole of the Blood, as Water 
will diffolve, and aſfociate to it ſelfe but a certain proportion of 
ſaline Corpuſclesz andif ir be too thin or rarefied, the'number 
or fize of the Aerial Particles is too ſmall to be able ro aflume 
and carry oft the halituous Excrements of the Blood, in ſuch 
plenty 8s is requiſite, 

Now that Air too much thicken'd ( an1as it were clogg'd ) 
with Steams, is unfic for Reſpiration, may appear by whar is 

wont to happen inthe Lead-Mines of Devoxſbire, (and, for ought 
I know, in thoſe too of other Countrys, though I have (een 
Mines where no ſuch thing was complain'd of ) tor I have been 
informed by more then one credible Perſoa ( and particularly b 
an Ingenious Man, that hath often, for curiofity, digg'din thole 
Mines, and been imploy'd about them.) that there often riſeth 
Damps, as retaining the Germaxe Word by which we call them) 
which doth ſo thicken the Air , that unleſs the Work-men ſpee- 
dily make ſigns co them that are above, they would ( which alſo 
ſometimes happens) be preſently ſtifled for want of Breath, and 
though their Companions do make haſte to draw them up, yet 
ire- 
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frequently, by that time they come to the free Air, they are, as 
it were in a ſwoon, and are a good while before they come to 
themſelves again, And that this ſwooning ſeems not to proceed 
from any Arſenical or Poyſonous Exhalation contain'd in the 
Damp, as from its over-much condenfing the Air, ſeems proba- 
ble from hence; Thar the ſame Damps oftentimes leiſurely ex- 
tinguiſh the flames of their Candles or Lamps , and from hence 
alſo that it appears (by many Relations of Authenticil Authors) 
that in thoſe Cellars where great ſtore of new Wine is let to work, 
men have been ſuffocated by the too great plenty of the ſteams 
exhaling from the Muſt, and coo much thickning the Air : as may 
be gathered from the cuſtom that is now uſedin ſome hot Coun» 
tries, where thoſe that have occaſion to go into ſuch Cellars, car- 
ry with them aquantity of well kindled Coals, which they hold 
near their Faces z whereby it comes to paſs, that the Fire diſcuſ- 
ſing the Fumes, and rarefying the Air, reduceth the ambient Body 
to a conliſtence fit for Reſpiration. 

We will adde (by way of confirmation) the following Experi- 
ment : In ſach a ſmall Receiver, as thoſe wherein we kill'd d.vers 
Birds, wecarefully cloſ'd up one, who, though for a quarter of 
an hour he ſeem'd not much prejudiced by the cloſeneſs of his Pri- 
ſon, afterwards began firſt ro pant very vehemently, and keep his 
Bill very open, and then to appear very fick; and laſt of all, af- 
ter ſome long and violent ſtrainings, to caſt up ſome little matter 
out of his Stomack : which he did ſeveral times, till growing (o 
ſick, that he ſtagger'd and gaſp'd, as being juſt ready to die. We 
perceiv'd, that within about three quarters of an hour from the 
time that he was put in, he had ſo thickened and tainted the Air 
with the Steams of his Body, that it was become altogether unfit 
for the uſe of Reſpiration : Which he will not much wonder at, 
who hath taken notice in Sandorins his Statica Medicina, how 
much that part of our Aliments, which goeth off by inſenſible 
Tranſpiration, exceeds in weight all the viſible and grofler Excre- 
ments both ſolid and liquid, 

Thar ( onthe other (14e) an Air too much dilated is not ſer- 
viceable 
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viceable for the-ends of Reſpiration, the haſty. death of the Ani- 
mal we kill'din our exhauſted Receiver, ſeems ſufficiently ro ma- 
nifeſt, And it may not irrationally be doubted, whether or no, if a 
Man wererai('d to the very top of the Atmoſphere, he would be 
able to live many minutes, and would not quickly dye for want. 
of ſuch Air as we are wont to breath here below. And that this 
ConjeRure may not appear extravagant, T ſhalt on this occaſion 
ſubjoyn a memorable Relation that I have mer with in the Learn- 
ed Foſephus CAcoſts, who tells us, That when he himſelt paſt 
the high Mountains of Pers, (which they call Parzacaca) to whick, 
he ſayes, That the .L/ps themſelves ſeem'd to them bur as or- 
dinary Houſes, in regard ot high Towers, he and his Compani- 
ons were ſurpriſed with ſuch extream Pangs of Straining and Vo- 
miting, (not without caſting up Blood too) and with (o violent 
a Diſtemper, that he concludes he ſhould undoubtedly have dyed, 
bur that this laſted not above three or four hours , before they 
came into a more convenient and natural temperature of Air : To 
which our Learned Author addes an Inference, which being the 
principal thing I deſign'd in mentioning, the Narrative I ſhall 
ſer down in his own Words: 7 therefore(lays he )perſwade my ſelf, 
That the Element of the Air is there ſo ſubtle and delicate, as it is 
not proportionable with the breathing of Man, which requirs a 
more groſs and temperate Air ;, and I bilieve it ts the cauſe that doth 
ſo much alter the Stomack, and trouble all the Diſpoſition. Thus far 
our Author, whoſe Words I mention,that we may ghelſs by what 
happens ſomewhar near the Confines of che Armoſphere(though 
probably far from the (usface of it) what would happen beyond 
the Armoſphere. That, whichſome of choſe thar treat of the heighr 
of Mountaines,relate out of 4ri/torte, namely, Thar thoſe that af- 
cend to the tap of the Mountain 0lympss, could not keep them- 
ſelves alive, without carrying with them wet Spunges, by whoſe 
aſſiſtance they could reſpire in that Air,otherwiſe too thin for Rg- 
ſpiration: (That Relation. I ay )concerning this Moyntaitn)would 
much confirm what hath been newly recited out of Acoſta, if we 
had ſufficient reaſonto believe it:: Buc I confeſs , Iam very diffi- 
[Bb] dent 
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deat of the truth ofit';, partly: becauſe when I pafſ'd the 4/ps, I 
took notice of no notible change berwixt the coaliſtence of the 
Air atthe top and the bottom of the Mountam , partly becauſe 
in a punctual relation made by an Engliſh Gentleman , of his 
aſcenfion to the top of the Pike of Tenarrf{(whichis by great odds 
higher then 0/ympss) I find no mention of any ſuch difficulty of 
breathing ; and partly alſo becauſe the ſame Author tells us our 
of Ariſtotle, That upon the top of 0/yz-pas there is. no motion 
of the Air,infomuch, that Letters traced upon the duſt, have been, 
after many years, found legible. and not diſcompoſ'd; whereas 
that Inquiſicive. Buſbequizs (who was Ambaſſador trom the Ger- 
»4u tothe Turkifh Emperor ) in one of his Eloquent Epiſtles, 
97-3 tells ns, upon hisown knowledge, That Olympus.may be ſeen 
from Conſtantinople, blanch'd —_—_— S»ew, which ſeems 
co argue, That the top of thar, as well as of divers other tall Hills, 
is not above that Region of the Air wherein Meteors are formed, 
Though otherwiſe, i that memorable Narrative which David 
Frelichius Frabichiss, made of his aſcent to the top of the prodigiouſly high 
 apud Va- Hungarian Mountain Carpathss: he tells ns, - That when, havi 
wat Gexer: Pafſ d through very thick Clouds, he came to the wery top of the will, 
lib. x, cap. the found the Air ſo calm and ſubtle that nat. abair of his head mov'd, 
195 phereas in the lower Stages of the Mountain he felt a vchement 
Wind. But this might well be caſual, 2s was bis, having a clear 
Air where he was, though there were Clouds, not onely beneath 
him, but above him. 

But (though what hath been hitherto diſcourſ'd , incline us 
tolook upon the Ventilation and Depuration of the Blood, as 
one 2f the principal and conſtant uſes of Reſpiration z yet) me» 
thinks it may be ſuſpected that the Air doth ſomething more 
then barely help to carry off what is thrown out of the Blood 
in ics paſſage through the Lungs , trom the right. Veatricte of 

Heare to the left, For weſee, in Phlegmatick Conti + 
| rations. and Diſeaſes, that the Blood will circulate tolerably 
. well, notwithſtanding its being exceſſively ſerous: And 1 
* Aſthmatical Ferſons, we often ſee , that chough. the _ 
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be very much ſtaff'd with tough Phlegm, yet the Patient may 
live ſome Moneths, if not ſome Years. So that it ſeems ſcarce 
probable, that either the want of throwing out the ſuperfluous 
Serum of the Blood for a tew Moments, or the detaining it, du- 
ring ſo ſhort a while, in the Lungs, ſhould be able to kill a per- 
fecly ſound and lively Animal: I ſay,for a few moments, becauſe, 
that having divers times cry*d the Experiment of killing Birds in 
a (mall Receiver , we commonly found, that within half a mi- 
nute of an hour, or thereabouts, the Bird would be furprifd by 
mortal Convulſions , and-within about a minute more would be 
ſtark dead, beyond the Recovery of the Air, though never ſo 
haftily ler in. Which ſort of Experiments ſeems fo ſtrange, that 
we were obliged to makeit ſeveral times, which gain'd t the Ad- 
vantage of having Perſons ot differing Qualities, Profeſſions and 
Sexes, (2s not.only Ladies and Lords, but DoRors and Mathema- 
ticians)to witneſs it, And to fatiſie Your Lordſhip, that it was 
not the narrownelſs of the Veſſel, bur the ſudden exſuftion of the 
Air that diſpatched theſe Creatures ſo ſoon; we will adde, Thar 
we once inclo['d one of theſe Birds in one of thefe ſmall Receivers, 
where, for a while, he was ſo little ſenfibleof his Imopriſonmeat,thae 
he eat very cheartully certain ſeeds that we conveyed in with 
him, and not onely lived ten minutes, but had probably lived 
much longer , had not a great Perſon, that was Spectator of ſome 
of theſe Eeperiments, reſcu'd him trom the profecation of the Try- 
al. Another Bird being within about halta minute, caſt into v1o- 
lent Convulſions , and reduced into a ſprawling condition, upon 
the Exſuction of the Air, by thepitty of ſome Fair Lady's (rela- 
ted to Your Lordſhip) who made me haſtily let in fome Air at the 
Stop-cock, the gaſping Animal was preſently recovered, and in 
a condition to enjoy the benefit of the Lady's compaſſion, And a- 
nother time alſo, being reſolved not to be interrupted in our Ex- 
periment, we did, at night,ſhuc up a Bird in oneof our ſmall Recer 
vers,and obſerv'd that for a good while he fo little felt the: ahtera- 
tion of the-Air, that etc lc with tus head under his-wing 3 & 
though he afterwards awak'd ——_ NIE tpon his legsbe. 
2 ] 
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tween forty minates and three quarters pFan hour ; after which; 
ſeeming ready toexpire z we took him out, and ſoon found him 
able ro make ule of the liberty we gave him for a compenſation 
of his ſufferings. | | 

If to the foregoing Inſtances of the ſadden deſtruion of Ani- 
mals , by the removal of the ambient Air, we ſhould now annex 
ſome, thar we think fitter to reſerve till anon, perhaps Your . 
Lordſhip would ſuſpect, with me, that there is ſome uſe of the Air 
which we do not yet ſo. well underſtand , that makes it ſo conti- 
nually needful to the Life of Animals. Parace/ſus indeed tels us, 
That as the Stomack concotts Meat, and makes part of it uſeful to the 
Body, rejetting the other part, ſo the Lungs conſume part of the Air, 
and proſcribe the reſt, So that according to our Hermetick Phi- 
loſopher (as his followers would have him ſtil'd) it ſeems we may 
ſuppole that there is in the Air alittle vital Quinteſſence (if I may 
ſo call it ) which ſerves to the refreſhment and reſtauration of our 
vital Spirits, for which uſe the grofſer and incomparably greater 
part of the Air being unſerviceable, it need not ſeem ſtrange 
that an Animal ſtznds in need of almoſt inceſlantly drawing in 
freſh Air. But though this Opinion is not (as ſome of the ſame 
Author ) aÞſur'd, yet beſides that, it ſhould not be barely aſſer- 
ted, but explicated and prov'd; 'and beſides that, ſome Obje- 
ions may be fram'd againſt it, out of what hath been already ar- 
gu'd againſt the Tranſmuration of Air into vital Spirits : Beſides 
theſe things, it ſeems not probable, that the bare want of the 
Generation of the wonted quantity of vical Spirits , for leſs then 
one minute,. ſhould within that time be able to kill a lively Ani- 
mal, without the a 1 of any external violence at all. 

But yet , on occaſion of this Opinion of Paracelſus, perhaps it 


will. not be impertinent , if before I proceed, I acquaint Your 
Lordſhip with a Conceit of that deſervedly Famous Mechanician 
2nd Chymiſt, Cornelius Drebell, who among other (trange things 
that he perform'd, is affirmed (by more then a few credible Per- 
ſons, to have contrived for the late Learned King Fames, a Veſlel 
to go under Water; of which, eryal was made in' the mon 
Wl 
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with 4dmired ſucceſs, the Veſſel carrying twelve Rowers, beſides 
Paſſengers z oneof which is yer alive, and related-it ro an excel- 
lent Mathematician that inform'd meofir. Now that for which 
I mention this Story, is, That having had the curiofity and op- 
portunity to make particular Enquiries among the Relations of 
Drebell, and eſpecially of an Ingenious Phyſician that marryed his 
daughter, concerning the grounds upon which he conceived it fea- 
fible ro make men unaccuſtomed to continne ſa long under Wa- 
ter without ſuffocation, or ( as the lately mention'd Perſon that 
went in the Veſſel affirmes) without inconvenience. I was anſwer'd 
that Dy#bell conceiv'd, that 'tis not the whole body of the Air, bur 
2certain Quinteſſence (as Chymiſts ſpeake)or ſpirituous part ot ir, 
that makes it fit for reſpiration , which being ſpent, the remaining 
groſſer body , or carcaſe ( if I may ſo call it) of the Air, is un- 
able to cheriſh the vital flame reſiding in the heart : So that ( for 
ought I could gather) beſides the Mechanicall contrivance of 
his veſſell he had a Chymicall liquor, which he accounted the chiefe 
Secret of his ſubmarine Navigation. For when from time to time 
he perceived, that the finer and purer part ofthe Air was conſu- 
med, or over clogg'd by the reſpiration, and ſteames of thoſe that 
went in his ſhip , he would, by unſtoping a veſſel tull of this Li- 
quor, ſpeedily reſtore to the troubled Air ſuch a proportion of 
Vital parts,as would make it again for a good while fit for Reſpi- 
rition, whether by diſſipating, or precipitating the grofler Exha- 
lations, or by ſome other intelligible way , L muſt nor now ſtay to 
examine, contenting my ſelf ro add, that having had the opportu- 
nity to do ſome ſervice to thole of his Relations , that were moſt 
Iatimate with him, and having made it my buſineſs to learne whar 
this ſtrange Liquor might be, they conſtantly afhrm'd that Dre- 
b:Jl would never diſcloſe the Liquor untoany, nor ſo much as tell 
the matter whereof he made it, to above one Perſon, who bim- 
ſelf aſſured me what it was. 

This account of Drebell's performance, I mention, not that I 
any farther aſſent to his opinion then I have already intimated, bur 
becauſe the man, and the Inyention being extraordinary ,l yy 

our 
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YougLordſhip'will not be diſpleaſdto know the utmoſt T*conld 
Jearneabourt it; eſpecially not having found it mentioned by 
Writer. Wherefore I have been ſometimes inclin'd to favours: 
ble thoughts of their opinion , who would have the Air nece 
to ventilat?, and cheriſh the vitall lame, which they do ſup 
to be continually burning in the heart. For weſee, that in our 
Engine the flame of a Lamp will laſt almoſt as lictle after the Ex» 
ſuction ofthe Air, as the life of an Animal: Nay Lremember, - 
that though I deviſ'd a more promiſing way ,' to make a fire laſt 
in our exhauſted Receiver, yet it would not ſucceed : We tookea 
hard body made in the forme of a Clove, but twice as loffg, and 
proportionably thick, this body being madeot ſacha Compoti- 
tion, that if it be kindF'd at the upper ead,it will moſt certainly burn 
away to the very bottome, much better thena Match z we con« 
vey dit divers times kindl'd at the upper end,into one of our'fmall 
Receivers , bur ſtill found, that though preſently upon the Exſu- 
Rivn of the Air,it woald leave ſmoking, and ſeem quite gone ont, 
and agzin begin to ſmoak as ſoon as the Air was let in upon it; yet 
ifthe Air were kept out but four or five minutes, the fire would 
be torally,and irrevocably extingwſh'd. To which we will adde, 
that though we convey'd intoa great Receiver, aimall lamp with 
reifi'd ſpirit of Wine, that being ſo pure as not to ſmut the Cote 
ron week, or ſo much as a piece of white Paper held over it, yet 
we could not by divers tryalls make the flame laſt a couple of 
minutes after the Aix was begun to be drawn out. But though 
our Engine thus ſhews ns a new kind of reſemblance berwixt bre 
and lite: yet the opinion we have laſt mentioned is not free from 
Difficulcies. For, thoogh in the hearts of many Animals, Blood 
bea warm liquor , and in ſome even a hor one; yet it is not eafie 
ro conceive either how the Air ( in ſubſtance) can ger thither, or 
how, in caſe it could,it were able to increaſe the heat. Since,how- 
ever, the Air may encreaſe the heat of a coale by blowing oft the 
alhes,8 making the ative Corpuſcles pierce farther into thekind- 
led body, and it the rhore yet we ſee hot liquors have their 
heat allayed,8& not augmented, by haying Air blown on _ And 
) O wheres 
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wheres ſome Eminent Naturalifts think it not inconvenient, to 
make the heat reſiding in the heart to be a true flame,, provided 
they adde,that 'tis ſuch a temperate, and almoſt inſenfible fire, as 
the flame of ſpirit of Wine, which will long burne upoa fine white 
Linnenor Paper without conſuming either: give me leaveto with 
that they had been more curious to make differing cryals with that 
liquor. For(as we obſerve in another Treatiſe ) the reaſon why 
a Linnen doth, dipped in common Spirit of Wine, is not burnt 
by the flame of it, is, becauſe the Phlegm of the Liquor defends 
the Cloth: And the Flame of Spirit of Wine is (o far from bein 
too weak to burn a piece of Paper, or of Linnen, that I have uſ 
itin Lampsto diſtill Liquors our of tall Cucurbites, and found 
that the Spirit burned away indeed much faſter then Sallet Oyl, 
but gave at leaſt as great a heat: Nay, I have, for curioſity cake! 
melted crude Gold, and thae readily enough, with the bare Flame 
of pure Spirit of Wine. t 

Burt not _to'preſs this any farther , we will, on this occaſion , 
yenture to ſubjoyn an odde Obſervation, which may perhaps in- 
vite © a farther Enquiry into the Opinion we have for Diſcourſe 
ſkeoppoſ'd. Onr Engliſh Democritus, Dr. Harwy,propoſeth this 
difficult and noble Problem to Anatomiſts, 1yhy a fxrtus', even 
owt of the Womb,if involy/d in the ſecundines, may live a good while 
without Reſpiration ; but in caſe after having once began to breath, 
its reſpiration be ftopp'd, it will yy die, Weare far from pre» 
tending to ({olve ſo hard a Problem, bur this we try*d in relation 
toit, We took a Birch that was (aid ro be almoſt ready to whelp, 
and having cauſed her to be hang'd, we preſently open'd her 46+ 
domen,and tound four Puppeys in her Womb, one of theſe we 
took out, and having freed him from the Teguments that involy- 
ed him, and from the Liquor he (wam in, we obſerved that he- 


quickly opened h's Mouth very wide, moved his Tongue,and ex- 


erciſed Reſpiration ; then we opened both his Abdomen. and his - 
Cheſt,and cut aſlunder the Oiaphragme, notwithſtanding which, . 
\ he ſeemed oftentoendeavor Reſpiring, & mov'd ina notable man- 
ner, both the Iacercoſtal Muſcles , part of the tes” 

uten 
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Mouth and the Tongue: But that which we mention this Pups | 


py for, was this , That being deſirous to try whether the other 


yong ones that had not yet breath'd atall ; would long ſurvive . 


this or nog ,we took them alſo out of the Womb , and having 
open'd them found none of them ſo much alive, as tohave any 
perceptible motion in his heart, whereas the heart of that Puppy 
which had once enjoy'd the benefit of Reſpiration,continued beat- 
ing ſo long, that we our ſelves obſerv'd the Auricle to bear, after 
 fiveor fix hours; anda Servant thar ſtaid up and watch'd ir after 
' we weregoneto Bed, aftirm'd, That he ſaw the Pulfation continue 
about 2 hours longer. I ſhall leave it to others to make Refleions 
upon this Obſervation, compar'd with Dr, Harvey's Problem. 
It is much doubted, whether Fiſhes breath under Water, and 


we ſhall not take upon us, as yer, to determine the Queſtion either . 


way, becaule we have not. yet been able zo procure little Fiſhes 
alive to make Experiments upon: Thar ſach as arenot Seraceous 
( for ſuch maniteſtly breath ) have not Reſpiration; | properly ſo 
called, ſuch as is exerciſed by four footed Beaſts, and Birds,may 
be argu'd from their having no cavity in their Hearcs,& from their 


want of Lungs, whence they are obſerved to be Mute; unleſs we 


ſay, what is not altogether abſurd, That their Gills ſeem ſome- 
what Analogous (as to their uſe) to Lungs, Bat that on the 


other fide, Air is neceſlary to the Lives even of Fiſhes, and that - 


therefore 'tis probable they have ſome obſcure kind of Reſpira- 


tion , ſeems manifeſt by two or three Obſervations and Experi- 


ments, mentioned by divers Authors, who tell us, That Fiſhes 
ſoon die in Ponds and Glaſſes quite fill'd with Water ; if the one beſo 
frozen over,and the other ſo cloſely ſtopp'd, that the Fiſhes cannot en- 
joy the benefit of the Air, it we allow them to be true. But becauſe 
theſe Relations arenot wont to be deliver'd by Writers upon their 
. own Knowledge ; as I ſhall not reje&t chem, ſo 1 dare not byild 
upon them, till I have oppartunity to examine them by experience. 
In the mean time,we will adde, T hat our Engine hath caught us wo 


things that may illuſtrate the matterinhand : Theone, That there . 


is wont co lurk in water, many little parcels of interſperſ'd Air, 
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whereof it ſeems not impoſſible that Fiſhes may make ſome uſe, 


either by ſeparating it, when they ſtrain the Water thorow their 


Gills, or by ſome other way : The other, what may be colle&ed 
from the following Experiment, : 

We took alarge Ecle (being able to procure no other Fiſh a- 
live) and removing 1t out of the veſlel of Warer, wherein it was 
brought us,into our great Receiyer,we cauſd the air to be pump'd 
out z and obſery'd, That the Eele, after ſome motion to0-and tro 
in the Glaſs, ſeem'd ſomewhat diſ- compoſ'd ; and that when we 
had proſecuted the ExſuRtion of the Air ſomewhat obſtinarely,ſhe 
turn'd up her belly, as dying fiſhes are wont todo,and from thence- 
forward lay altogether moveleſs, juſt as if ſhe were ſtark dead z and 
though I did not think her ſo, yet the continuing in that poſture, 
even after the Cover of the Receiver was taken off (whereby the 
Air was let in) I ſhould have been of the opinion of che By -ſtand- 
ers, if the Diftidence I am wont to exerciſe in trying Experiments 
(eſpecially ſuch as are not uſual) had not invited me to take the 
Fiſh out of the Receiver, upon which ſhe ſhew'd her ſelf, by her vi- 
vid motions, as much alive as before. 

Buc that is moſt ſtrange which we obſerv'd of a great, gray, 
Houſe- Snail (as they call it) which being cloſ'd up in one of our 


* ſmall Receivers, did not onely not fall down from the fide of the 


Glaſs,upon the drawing out of the Air.(For that may be aſcrib'd to 
the tenacity of the liquor wherewith Snails uſe to ſtick themſelves, 
even to the \mootheſt Bodies) but was not ſo much as depriv'd of 
progreſive motion by the xece(s of the Air : Though, except this 
Snail, we never pur any hving Creature into our Receiver, whom 
it did nor either kill,o: at leaſt reduce to leem ready to dye. But as 
we (hall not here examine what intereſt the glutinous, and uneaſily 
diſipable nature of the Juices of Snails,may have on this event ; (0 
whether this eſcape ot our Eele beaſcrib'd to the particular and vi- 
vacious nature of this ſort of Fiſhes z or to this, That the air is not 
indeed neceſſary to the life of F.ſhes z or finally to this, Thar 
though cheſe Animals need (ome Air, yet they need fo little, that 
that which could not be drawn out of the Receiver, might (at leaſt 
for a while) ſuffice them, we will not now determine. 
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Nor are we at leifare to examine that Paradox of Hippocrates, 
which ſome Learned Phyfitians have of late reviv'd, namely, , 
That the Fetus reſpires in the womb: For on the one ſide it ſeems 
very difficult to conceive, how Air ſhould traverfe the Body of 
the Mother, and the Teguments of the Childe: And fince Na. 
ture hath, in new- born Babes, contriv'd peculiar and Tempora- 
ry Veffels, that the Blood may circulate thorow other Paſlages, 
then itis wont to do inthe ſame Individuals when they come to 
have the free uſe of their Lungs, it ſeems unlikely, that Intants in 
the Womb do properly refpire : But then ſince our Experiments 
have manifeſted, Thar almoſt all kinde of Liquors do, as well as 
Water, abound with interſpe1Cd Corpaſcles of Air, it ſeems nor 
altogether abſurd to ſay, That when the Fetus is grown big, he 
may (eſpecially the upper part of the involving Amnies, being 
deſtitute of Liquor, and fill'd onely wich an halituous Subſtance) 
exerciſe ſome obſcure Reſpiration, eſpecially, ſince 'tis not (as 
many wiſe Mea think it) a Fable, That Children have been heard 
tocry inthe Mothers Womb: For chough it happens exceeding 
rarely, yet ſometimes it hath been obſerv'd. And I know a young 
Lady,whoſe Friends, when ſhe was fome Years ſince with Childe, 
complain'd ro me, that ſhe was ſeveral times much frighted with 
the Cries of her Infant, which, till I diſabaCd Her, She and Her 
Friends look'd upon as Portentous. And ſuch Obſervations are 
the more credible, becauſe not onely Honſwives, bur more ju- 
dicious Perſons, mention it as go very unfrequent thing to hear 
the Chick pip or cry in the Egg, before the Shell be broken, But 
this I mention but as aprobable, not a cogent Argument, till I 
candiſcover whether an Elifton of an halicuons Subſtance, chotgh 
no true Air, may not at the top of the Larynx produce a Sound, 
fince I finde that the Blade of a Knife, hel4 in feveral poſtures in 
the ſtream of Vapors (or rarefied Water) that ifſues out of an 
eAolipile, will afford various and very audible Sounds. 
-* T had thoughts of conveying into our Receiver young ones, 
fipped out of the Womb of their Dams, with their inyolvi 
Coats intire, but could not procure them. And I have alſo 
thoughts of trying whether it be not practicable, to make a Recei» 
Very 
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ver, though not of Glaſs, yer vvith little Glaſs windovvs, ſo 
placed, that one may freely look into ir, capacious enough to hold 
a Man, who may obſerve ſeveral things, both touching Reſpira- 
tion, and divers other matters ; and who, in caſe of fainting, may, 
by giving a ſign of his weakneſs, be immediately reliev'd, by ha- 
ving Air let 1n upon him. And it ſeems not impoſſible, bur chat by 
accuſtomance, ſome Men may bring themſelves to ſupport the 
want of Air a pretty while, fince we ſee that divers will live, ſo 
much longer then other Men, under Water : that thoſe that dive 
for Pearls in the Weſt Indies are ſaid to be able to ſtay a whole hour 
under Water. And'Cardar tells us of one Colanm a Diver in $:- 
cily, who was able to continue (if Cardan neither miſtake nor im- 

ole upon us) three or four times as long. Not to minde Your 
Locdlhip, that You have Your felt often (een in Englend, a corpu- 
lenr Man, who is wont to deſcend to the botcrom of the Thames, 
and bring out of deep holes at the bottom of the Banks,large fiſhes 
alive in his hands. And m—_ cells us,he (aw in Pers the like man- 
rer of fiſhing, but more difficult, praQtiſed by the 1»dians. 

I made mention of ſome Men, and of Accuſtomance : becauſe 
thereare but very tew, who, though chey uſe themſelves to ir by 
degrees, are fitto ſupport. tor m2ny Minutes, the want of Air.In- 
ſomuch that an ingenious Man of my acquaintance, who is vecy fa- 
mous for the uſetul skill of drawing Goods, and even Ordnance, 
out of ſunk Ships, being asked by me how long he was able to 
continue at the depth of 50 or 60 foot under Water, without the 
uſe of Reſpiration, confeſſed ro me, that he cannot continue above 
two minutes of an hour, withour reſorting to the Air, which he 
carries down with him in a certain Engine (whereof I can ſhow 
Your Lordſhjp a deſcription.) Another thing I alſo learn'd of bim 
by enquiry, that was not deſpicable: For asking him, whether he 
found any uſe of chawing little ſponges, dipr in oy], in his mouth, 
when he vvas perte&ly under Water, and at a diſtance from his 
Engine; he told me, that by the help of theſe ſponges he could 
much longer ſnpport the want of his yvonted Reſpiration, then he 
vvas able to do vvithout them. The true cauſe of vyhich, vyould 
[Cc2] per- 
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perhaps, if diſcovered, teach us ſome thing pertinent to the Pros 
blem couching the Reſpiration of Fiſhes. 

But the neceſſity of Air to the moſt part of Animals unaccu- 
ftomed to the want of it, may beſt be judg*d of, by the following 
Experiments, which we try*din our Engine, to diſcover, whether 
Inſeds themſelves have not, either Reſpiration, or (ome other uſt 
of the Air equivalent thereunto. | 

Wetook then an humble Bee, one of thoſe common Flyes that 
are call'd Fleſh-flies, and one of thoſe hairy Worms that reſemble 
Caterpillars, and are wont to be call'd Palmer-worms: Thele 
three we convey'd into one of our {mall Receivers, and obſerv'd, 
ro the great wonder of the Beholders, that not onely the Bee, and 
the Fly fell down,and lay with their Bellies upwards; but the worm 
it ſelf ſeem'd to be ſuddenly ſtruck dead: all of them being re- 
duc'd to lie without motion, or any other diſcernable {gn of lite, 
within ſomewhat leſs (if we miſtake not) then one minute of an 
hour : And this, notwichſtanding the ſmalneſs of the Animals in 
proportion to the capacity of the Veſſels: which circumſtance we 
the rather mention, becauſe we found that the Veſſel was not tree 
trom leaks, And to ſatisfte the Spe&ators, that 'twas the abſence 
of the Air that cauſ'd this great and ſuddain change : we had no 
ſooner re-admitted the Arr at the ſtop- cock, then all che three In- 
ſets began to ſhew figns of lite, and by little Ge little to recover. 
But when we had again drawa out the Air, their motions prelent- 
ly ceaſed, and they fell down ſeemingly dead 2s betore, continuing 
moveleſs, as long as, by continuing to pump, the veſlel was kept 
exhauſted, This invited us thankfully toreflet upon the wiſe 
goodneſs of the Creator, who by giving the Air a ſpring, hath 
made it ſo very difficult, as Men finde it, to excludeia thing ſo ne- 
ceſſary to Animals : and it gave us alſo occafion to ſuſpeR, thatif 


InſeQs have no Lungs, nor any part analogous thereunto, the aim- ' 


bient Airaffets them,afd relieves them art the Pores gf their skin, 
tt not being irrational to extend to theſe Creatures that of Hippo- 
erates ; who ſaith, That a living Body is throughout perſpirable z 
or to uſe his expreſſion, «rw 5 6xa7;7, diſpol'd to adnut and part 


with 
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with what is Spirituous : Which may be ſomewhat illuſtraced by 
what we have elſewhere noted, That the moiſter parts of the Air 
readily inſinuate themſelves into, and recede from the pores of the 
Beards of wilde Oates, and thoſe of divers other wilde Plaars ; 
which almoſt continuilly wreath 8 unwreath themſelves according 
to,even, the light vzriations of the temperature of the ambient air. 

This Circumſtance of our Experiment we particularly took no- 
tice of, that when at any time, upon the ingrels of the Air, the Bee 
began to recover, the firſt ſign of Life ſhe gave, was a vehement 
panting, which appear'd near the Tail : Which we therefore men- 
tion, becauſe we have obſerv'd the like in Bees drown'd in Water, 
when they firſt come to be reviv'd by a convenient heat: As if the 
Air were inthe one caſe as proper to (et the Spirits and Alimental 
Juice a moving, cs heat is in the other; and this may, perchance, 
deſerve a farther conſideration, 

We may adde, That we ſcarce ever ſaw any thing that ſeem'd ſo 
much as this Experiment, to manifeſt, That even living Creatures 
(Man always excepred) area kinde of curious Engines, fram'd and 
contriv'd by nature (or rather the Author of it) much more skil- 
fully then our groſs Tools and imperfe&t Wits can reach to. For 
i our preſent Inſtance vve ſee Avimals, vivid and. perfely ſound, 
depriv'd immediately of motion, and any diſcernable ſigns of lite, 
andreduc'd to a condition that differs from death, bur in that it is 
not abſolutely irrecoverable. This (TI ſay) vve fee pertorm'd with- 
out any, ſo much as the leaſt external violence offered to the En- 
vine; unle(s it be (ſuch as is offered to a Wind Mill, vvhen the 
Wiad cealing to blovy on the Sails, all the ſeveral parts remain 
moveleſs & uſcleſs,till a nevy Breath put them into motion again, 

And this vvas farther very notable in this Experiment z Thar 
vyhereas 'tis knovvn that Bees and Flies vvill not onely vvalk,bur 
flie far a great vvhile, atter their heads.are off; and ſometimes one 
halt of the Body vvill,for divers hours, vvalk up and dovya,vvhen 
it is ſever'd from the other : Yet, upon the ex{uction of the Air, 
not onely the progreſſive motion of the vvhole Body, but the 
very motions of the Limbs do -forthvvith ceaſe z as it.. the 
preſence. 
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preſence of the Air were more neceſſary to theſe Animals, then 
the preſence of their own Heads. 

But it ſeems, that in theſe Inſet, that laid Body (whether ic 
bea Juice or Flame) wherein Life chiefly reſides, is nothing near 
ſo ealily diffipable, as in perfet Animals. For vyhereas vve have 
above-recited, That the Birds vve conveyed into our ſmall Recei- 
ver vvere vvithin tyvo minutes brought co be paſt Recovery, vye 
vvereunable (though by trying him that pump'd) to kill our In» 
ſecs by the exſuRion of the Air: For though,as long as the Pump 
vvas kept moving, they contioued immovable ; yet vvhen he de. 
ſiſted from pumping, the Air that preſl'd in at the unperceivd 
Leaks (did though ſlowly) reſtore them to the free exerciſe of the = 
tunQions of Lite. : 

Bar, My Lord, I grow troubleſome, 8 therefore ſhall paſs onto 
other Experiments: Yet without diſpairing of your pardun for 
having entertain'd you ſo long about the uſe of Reſpiration, be- 
cauſe it is a ſubjeR of that difficulty to beexplain'd, and yet of that 
importance to humane Life, that I ſhall not regret the trouble my 
Experiments have coſt me, if they be found in any degree ſervice» 
able to the purpoſes to which they were defign'd. And choughl 
deſpair not but that hereafter our Engine may furniſh us with di- 
vers Phenomena uſeful to Illuſtrate the DoRtrine of Reſpiration; 
yet having not, as yet, had the opportuniry to make the other try- 
als, of various kinds, thar I judge requiſite tor my Information: I 
muſt confeſs tro Your Lordſhip, that in what I have hitherto ſaid, 
I pretend not ſo much to eſtabliſh, or over-throw this or that Hy- 
pothefis, as to lay together divers of the Particulars that occurr'd to 
me, inorder to a tuture inquiry. I ſay, divers of the Particulars, 
becauſe I could adde many others , but char | want time, and fear 
that I ſhall need Your Lordſhips pardon, for having been ſo pro- 
lx in writing z and that of Phyſitians (which perhaps I ſhall more 
ealtly obtain) for having invaded Anatomy, a Diſcipline which 
they challenge to themſelves, and indeed have been the almoſt ſole 
Improvers of. Without denying then that the inſpir'd andexſpir'd 
Air may be fomerimes very uſetul, by condenſing and cooling ” 
Bl oo 
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Blood that paſteth through theLungs; I hold that the depuration of 
the Blood in thar paſlage, is not onely onefof the ordinary, but one 
of the principal uſes of Reſpiration. But I am apr alſo to ſuſpe, 
that the Air doth fomethingfetſein Refpiration,which hath not yer 
been ſufficiencly explain'd; and therefore, till I have examin'd the 
matter more deliberately, I ſhall not fcruple to anſwer the Queſti- 
ons that = be asked me, touching the genuine uſe of Reſpiration, 
in theexcellent Words employ'd by the acute St. Auſtin, to one 
that ask'd him hard Qneſtions: Mallem quidem (ſays he) corum que 4 
me quaſiviſti, habere ſcientiam quam ignorantiam: ſed quia id non- 
dum potui , magis eligo camtam ignorantians confitert , quam falſam 
ſcientiam profitert, 


EXPERIMENT XLIL 


H Aving (partly upon the conſideration of ſome of the foregoing 
Experiments, and partly upon grounds not now to be inſiſted 
on)entertain'd a ſufpition, that the ation of Corroſive Liquors in 
the diſſolving of Bodies, ;may be conſiderably varied by the gravi- 
ration or preſſure of the incumbent Air , and the removal ofi , 
thought fit to examine my Conjecture by the following Experi- 
ment. 

I tooke whole pieces of red Coral, and caft them into as much 
Spirit of Vinager, as ſufficed to ſwim above an Inch over them: 
Theſe ſubſtances I made choice of , that the Ebullition upon the 
Solution might not be too great, and that the operation mighr 
laſt the longer. 

Having, then pur about half- a-ſcore Sprigs of Coral, together 
with the Menſtruum , intoa ſomewhat long neck'd Viol , whereof 
they ſeem'd ſcarce to fill a third part, we convey'd that Viol into 
one of our ſmall Pneumatical Glaſſes , containing by ghefs about a 
'Quart of Water; and having taſtned on the Cover, atter the accu- 
ſtom'd manner , we ſuffered the Liquor to remaine unmoy'd a 
#lile , to obſerve whether the Menſfruum would work upon 
the Coral otherwiſe thed before, Bur finding there did onel 
aiſe , as formerly , a pretty number of ſmall Bubbles, char - - 
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no; ſenſible froth upon the ſurface of the diſtill'd Vinager; 
there where made two or three ExſuCtions of the Air, upon which, 
there .emerg'd from the Coral ſuch a multitude of Bubbles , as 
made the whole Body of the Menſtraum appear white; and foon af- 
tera Froth , as big as 311 the reſt of the Liquor, was ſeen to (wim 
upon it: And the Menſiruum plainly appear'd to boil in the Glaſs, 
likea ſeething Pot. Ang though, it we deſiſted but one minute 
from pumping, the decrement of the Froth and Ebullicion, upon 
the getting in of alittle Air, at {ome leak or other, ſeem'd to 
argue , that the removal of the preſſure of the external Air was 
the cauſe, or, at leaſt , the occaſion of this efferveſcence : Yet to 
evince this the more clearly , we turn'd the Key, and let in the ex- 
ternal Air at the Stop-cock; immediately upon whoſe entrance 
the Froth vaniſh'd, and ſo many of the Bubbles within the body 
of the Liquor diſappear'd, that it loſt its whiteneſs, and grey tran» 
ſparent again: The Menſtruumallo working as languidly upon the 
Coral, as it did before they were putinto the Receiver : But when 
we had again drawn out the Air , firſt the whiteneſs re-appear'd, 
then the ebullition was renew'd, which ,(the pumping being a while 
longer and nimbly purſued,) grew ſo great, that for 3 or 4 times 
one after another , when ever the Air was let out of the Receiver 
into the emptyed Cylinder , the frothy liquor over-flow'd the 
Glaſs , and ran down by the ſides of it : And yet, upon theread- 
mitting of the excluded Air, the boiling Liquor grew immediatly 
as calme and as tranſpareac as at firſt: As if indeed the. operation 
of it, upon the Coral, had beea facilitated by the exſuton of the 
incumbent Air, which on its receſs, left it more eaſy for the more 
ative parts of the liquor co ſh2w them(clves ſuch , then ic was 
whil'ſt the wonted preſſure of the Air continue uaremoved, It 
may indeed be ſuſpected, thar thoſe vaſt and numerous Bubbles 
proceeded, not from the ation ofthe Menſtruum upon the Coral, 
but from the ſuddain emerſton of thoſe many little parcels of Air 
that (2s we formerly obſery'd) are wont to be diſper('d in liquors, 
without excluding Spirit of Vinagar; but having had this ſaſpition 
before we try'd the Experiment, we convey'd our diſtill'd Yinge 
one 
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alone into the Receiver , and kept it a while there, to free it from 
its Bubbles (which were biitvery ſmall) beforeever we put the 
Coral intoit. It may be ſuſpeRted likewiſe, that the agitation of 
the Liquor, neceſſary following upon the ſhaking of the Glaſs, by 
pumping , might occaſion the recited Ebullitionz but upon tryal 
made, there appear d not any notable change in the liquor, or its 
operation, though the containing Veſſel were ſhaken, provided no 
Air were ſuck'd out of it. The farmer Experiment was another 
timecry'd inanother ſmall Receiver , with Coral groſly poudred, 
andthe ſncceſs was very much alike, ſcarce differing in any thing, 
but that the Coral being reduc'd to {maller parts, upon the ebul- 
| licionotche liquor, ſo many lictle lumps of Coral would be carrizd 
2nd Boy'd up by the emerging Bubbles, as ſometimes to darken 
che Viol; though the ſame Coralline Corpuſcles would be ler fall 
292in upon the letting in of the Air. 

Some thing alſo wetry'd in our great Receiver, concerning the 
ſolution of Metals in 4quaforts , andother Corroſive Liquors, 
bue partly che ſtink, and partly ſome accidents , kept us from ob- 
ſerving any thing peculiar and remarkable about thoſe Solutions. 

One thing we muſt nor omit, that when the Spirit of Vinager 
was boiling upon the Coral , we took off the Cover of the Recei- 
yer, and took out the Viol, but could not finde, that notwithſtan-» 
ding ſo very late an Ebullition, the Liquor had any heat great e- 
n0ugh to beat all ſenſible co our hands. 
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EXPERIMENT KXLL 


VV JV E will now ſubjoyn an Experiment, which, if the former 

did not leſſen, the wonder of it would probably appear 
very ſtrange to Your Lord(hip, as it did to the firſt Spectators of 
If, : 

The Experiment was this : We cauſ'd Water to be boyl'da 
pretty while , that by the heat it might be freed from the latirant 
Air, {o often already taken norice ot in common Water: "Then al- 
moſt filling with it a Glaſs Viol, capable of containing near four 
Ounces of that Liquor; we convey'd it, whileſt the Water was yet | 
hot, into one of our ſmall Receivers (big enough ro hold about a 
pound of Water) and having luted on the Cover , we cau('d the 
Air to be drawn out : Upon the two fiiſt ex{utions , there ſcarce 
appear'd any change in the Liquor, nor was there any notable alte- 
ration made by the third ; but at the fourth, and afterwarcs, the 
Warer appear to boyl inthe Viol, asif it had ſtood over a very 
quick Fire; for the Bubbles were much greater then are uſually 
found upon the Ebullition of very much more Water then was 
contain inour Viol. And this Efferveſcence was {o great inthe 
upper part of the Warer, that the Liquor boyling over the top of 
the Neck, a pretty deal of it ran down into the Receiver, and 
ſometimes continued (though more langnidly) boyling there, Proy 
ſecuting this Experiment, we obſerv'd, that ſometimes, after the 
firſt Ebullition, we were reduc'd to make divers Ex{uftions uf the 
Air, before the Liquor would be brought ro boyl again. Burt at 
other times, 2s often as the Key was turn'd to let the Air paſs from 
the Receiver into the Pump,the Efferveſcence would begin afreſh, 
though the Pump were ply'd tor a pretty while together z which 
ſeem'd to argue, that the boyling of the Water proceeded from 
hence, That upon the withdrawing the preſſare of the incumbent 
Air, either the Fiery Corpulcles, or rather the V apors agitated by 
the heat in the Water (which laſt, what we have tormerly noted 
touching the rarefied Water of an «£o/rpile, manifeſt ro be y rt 
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ble of an Elaſtical Power) were permitted to expand themſelves 
mightily in the evacuated Receiver; and did, in their tumultuous 
Diſzearioa, lift up (as the Air is wont to do) the uppermolt part of 
the Water, and turning itinto Bubbles, made the Water appear 
boiling. This conjecture was farther confirm'd by theſe additional 
Circumſtances : Firſt, The Efferveſcence was confin'd to the up- 
per part of the Water, the lower remaining quiet, unleſs the Li- 
uor were but ſhallow. Next, although ſometimes (as is already 
noted) the Ebullition began again, afrr it had ceaſ'd a pretty 
while, which ſeem'd to infer, That ſome concurrent cauſe (whar- 
ever thit were) did alittle modifie the operation of heat; yer, 
when the Water 1a the Viol could by no pamping be brought to 
boil any more, the ſelt-ſame Water, being in the very ſame Viol 
warm'd again, and reconvey'd into the Pneumarical Glaſs, was 
quickly brought to boyl afreſh, and that vehemently and long e- 
nough; not to-mention, that a new parcel, taken our of the ſame 
parcel of the boiled Water with the former, and pur in cold, cou'd 
by no pumping be brought to the leaſt ſhew of Efferveſcence, Be- 
ſides, having try'd the Experiment in hot Sallet Oyl, being a 
much more tenacious Liquor, and requiring a ſtronger heat to 
make it boil, could not be brought to an Effterveſcence in our Re- 
ceiver ; whereas the Chymical Oyl of Turpentine, being thinner 
and more volatile, ws preſently maJe to boyl up, nll ic reach'd 
four or five times the tormer height in the Viol, in whoſe bottom 
it lay, and continued boyling till it was almoſt reduc'd to be bur 
luke-warm. W:ne alſo being a more thin and ſpirituous Liquor 
then Water, being convey'd in hot, inſtead of the Oyl, did, as 
I cemember,at the very ficſt exſuRion begin to boyl ſo vehemear- 
ly, thar, inaſhort time chat che Pump was kept moving, four 
parts of five, by our gheſs, boyl'd over out of the Viol, though 
it had a pretty long Neck. On which occafion wewill adde, that 
even the Water it ſelf, near one half, would ſometimes boyl ovec 
into the Receiver before it became luke-warm. And it was allo 
remarkable,that once, whenthe Air had been drawn out, the Li- 
quor did, upon a ſingle Exſuction,boyl ſo long with prodigiouſly 
Lens, vaſt 
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vaſt Bubbles, rhat theEfferveſcence laſted almoſt as long as was 
requiſite for the rehearſing of a Pater Noſter. Now the Experi. 
ment having been try'd more then once, and found to ſucceed as 
to the main, ſeems much to countenance the conjecture we made 
at the beginning of this Letter, where we told Your Lord(hip, 
That perhaps the preſſure of the Air might have an intereſt tn 
more Phenomeya then Men have hitherto thought. For as we 
hadnot then made this Experiment, ſo now we have made it, it 
ſeems to teach, That the Air, by its ſtronger or weaker preſſure, 
may very much Modifie (as the School- men ſpeak) divers of the 
Operations of that vehement and tumultuous Agitation of the 
ſmall parts of Bodies, wherein the nature of heat ſeems chiefly, 
if not ſolely, to confiſt. Inſomuch that if a heated Body were 
convey'd above the Atmoſphere, 'tis probablethat the heat may 
have a differing operation, as to the power of diffipating the parts 
of it, from what it hath here below. 

To conclude, This Experiment might have been farther pro- 
ſecuted, but our want of leiſure makes us content our ſelves to 
adde at preſent ; That perhaps it would not be loſt labor if this 
were try'd, not onely with other Liquors,but with variety of heat- 
ed, endeipecilly ſoft or melted Bodies : But in ſuch caſes the 
Receiver ought to be ſhap'd, as is moſt proper to preſerve the Ce- 
ment wherewith the Cover muſt be faſtned on, from being melt- 
ed by the heat of the included Matter; the inconvenience to be 
hereby avoided, having befallen us in the uſe of a Receiver too 
ſhallow, though otherwiſe capacious enough. 
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The (onclufion. 


PEing come thus far, My Dear Lord, not without thoughts of 
proceeding farther : The unwelcome Importunity of my Oc- 
cafions becomes ſo prevalent, that it quite hinders,for the preſent, 
my defign'd Progreſs; and reduceth me, not onely to reſerve for 
another opportunity that kinde of Experiments, which, at ſome 
diſtance from the beginning of this Letrer, I call'd (as Your Lord- 
ſhip may remember) Experiments of the ſecond ſort ;. but to 
leave uneſſay'd ſome of the firſt ſort, which I might try in the 
Engine, as it now is, wereit not that my Avocations are grown ſo 
urgent, for my remove from the place where the Engine was fer 
up, that I am pur to write Your Lordſhip this Excule, Weary, 
and in an Inn? which I take 1a my way to my Deareſt Brother 
Corke : Who being atlength arriv'd in England, aiter I have for 
divers Years been deprived of his Company, and wiſh'd for it as 
long; what ever my other Occaſions. may be, my firſt Buſineſs 
muſt be to wait on Him and Your excellent Mother ; in whoſe 
orateful Company I may hope to forget a while thoſe publick 
Cal:mities that diſtreſs this too unhappy Nation. Since that is in» 
dear'd to me, both by their perſonal Merit ; by the near Relation 
which Nature gives meto Him, Affinity to Her, and Friendſhip. 
to both; and alſo by their many Favors, eſpecially that of my 
owing them My Lordof Dungarvan. Butl ſufter my felt to be 
tranſported too far with thele delightful rhoughtsz To return 
therefore to our Engine- Though I finde this Letter is beyond my 
expeRation ſwell'd, not onely into a Book, but almoſt into a Vo- 
lumez yet the Experiments already mentionedinir, are ſo far 
from compriſing all thoſe that may be try'd by the help of our 
Engine, that I have not yer been able to try all thoſe, which, pre+ 
{ently occurring to my thoughts, upon my firſt ſeeing the work- 
ing of it, I cauſ'd to be ſet down in a Catalogue within leſs then 
half an hour. But I doubt Ihaye but too much cauſe to pres 
en 


hend that the Afﬀairs, and other things I complain of, have made 
it nzedful for meto Apologize, as well for the things I have ſer 
down, as for thoſe I am neceſſicated to omit. For as partial as 
Men uſe to be to the Children of their owa Brains, as well as to 
thoſe of their Loins, I muſt not deny that the foregoing Tryals 
are not altogether free from ſuch unaccurateneſles, nor the recital 
of them from ſuch ImperfeRions, as -I my ſelf can now diſcern, 
and could, perhaps, partly mend, if I had the letſare to repeat the 
Experiments, with the Circumſtances that have ſince offer'd 
themſelves tro my Thoughts, as things that might have been 
worth Obſervation or Enquiry, Butthe truth is, that was re- 
duc'd to make theſe Experiments, when my Thoughts had things 
that more concern'd me to imploy them, and the ſame avocations 
made me ſet them down, for the moſt part, afſoon as I had made 
them, andinthe ſame order, and that (o faſt, that I had nor over- 
frequently the opportunity to minde any more then the bare 
Truth of what I ſer down ; withour allowing it any of thoſe Ad- 
vantages that Method, Stile, and decent Embelliſhments, are 
wont to confer on the Compoſures they are imploy'd do adorn, 
But, My Lord, though to invite and encourage Y ou and Your 
Jearned Frienc's at Pars, to make a farther uſe of this Engine, then 
I have yer been able todo, Iam thus free to acknowledge the Im - 
perfe&tions of the foregoing Letter: yer , if ſome Intelligent 
Perſons miſtake not, by what hath been done, ſuch as it is, there 
is a way open'd, whereby Sagacious Wits will be aſſiſted co make 
ſuch farther Diſcoveriesin ſome points of Natural Philoſophy, as - 
are yet {carce dream'd of, And I am the more deſirous to engage 
Youto that Imployment, becauſe I am apt to think, that it the 
Making and Writing of ſuch Experiments ſhall coſt You as much 
trouble as they have me, You will be inclin'd tro excuſe me; and 
if the Diſcoveries give You as much pleaſure as they gave me, 
Youwill (perhaps) be invited to thank me. However, I think 
(My Lord) I may jnſtly pretend, that the things I have ſer down 
have been faichfelly Recorded, though not elaborately Written , 
and, Iſuppoſe, my former Papers may have long ſinge ſatisfied 
You 
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You, that though many deviſe Experiments better then Your 
Servant, none perhaps hath related them more carefully and 
more truly: And particularly of Theſez ſometimes one, ſome- 
times another, hath been performed in the preſence of Per- 
ſons, divers of them eminent for their Writings, and all for 
their Learning, Wherefore, having in the foregoing Narratives 
made it my buſineſs to enoble them with the chiet Requiſites of 
Hiſtorical Compoſures, Candor, and Truth, I cannor diſpair that 
You will either Excuſe their Imperfections, or, ar leaſt, Forgive 
them : Eſpecially, conſidering that this unpoliſh'd Letter is as 
well a Prodution of Your Lordſhips Commands and my Obe- 
dience, aSa Teſtimony of my Defireto make others beholden to 
My Lord of Dungarvan, by the ſame way by which Iiadeavour 
to expreſs my Sel 


Becons-feld., this 
20th of Decem= 
ber, 1659. 


His Lordſhips 


Moſt obedient Seryanc, 


And 


Moſt Aﬀectionate Uncle, 


ROBERT BOYLE, 
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The Publiſher to the Reader, 


Friendly Reader, 
== Ou may poſibly iy ths Volame have expeifed the 
\o Appendix which the Author heretofore promiſed, 
aid (ER 47d has intended ſhall contain ſome additional Expe- 
REL 11ments to theſe which were formerly publifh d, and 
LESS} are here now reprinted inthis Second Edition. Theſe 
following Anſwers to Francilcus Linus a4»d Myr. Hobbes are pre- 
ented in compenſation of the delay, and for your forbearance of that 
Appendix, which ere long you may expetFin kind, For the Anthor 
having hinted the Promiſe ſeems thereby to acknowledge the Debt, 
andto be content to continue the Obligation to ſee it performed, And 
theſe eught the rath:r tobe his —_ becauſe the writing theſe An- 
{wers, ard publiſhing the Sceptical Chymiſt, and ſome other Diſ- 
cour (cs, have been the principal bindrances to that Piece ; mhich i re» 
ally ſo nrar a readineſs, that part of it has lyen at the Preſs theſe ſix 
Moneths : But yet it bring not all perfetted, the Stationer was loth to 
delay any longer the Publication of theſe, for which he has ben [0 
frequently call d upon. And they (though 4 Latine Edition ts in- 
tended) appear now the rather in Englith, that they may accompany 
the Second Edition of the Original Experiments, which were print(d 
fi- ſt in that Language in Oct:vo; and that inſtead of the promiſed 
Appendix they may compl:te the bulk of the Quarto Yolume. 
As for that part of this Piece that concern# Mr. Hobbes, it might 
have been larger : but the information that the Author had that the 
lcarncd 


learned Dr. Wallis was writing againſt ſome paſſages in Mr. Hobbes © 
his Dialogues (4s well that concerning the Air as the reſt ) was the 
occafion why his H. would make no animaduerſion on ſome paſſa- 
ges therein, and thought it not fit to enlarge upon others. And for 
the Errata of the Preſs I hope they will not be many + however the Au- 
ther as to theſe us to be excuſed, who never (in regard to his Eyes and 
Impediments on other occaſions) gives himſelf the trouble of Cor- 
reions 43d Reviſes ; neither could the Publiſher much attend the 
Preſs, it being printed in a diftent place from his uſual abode, If 
45 1 wiſh, yov [ball find this jealoufie of mine to have been cauſleſs, you 
will have reaſon to give the Piece that ts ſo kindly offered, and leads 
you ſuch rare and antrodden paths in the beſt way of Natural Philoſe- 
phy, the fairer entertainment and acceptance. Farewell. 


THE AUTHOR: 
P RL E F-A-GC 


AND 
DECLARATION. 


8 Hey that know how indiſpos'd I naturally am 
{| ro Contentiouſneſs, will, I preſume, wander 
FM co ſee me publickly engaged in ewo Contro- 
FJ! verfies at once. Bur that I am ſtill as averſe 
pI 25ever from entering into Diſputes that may 

 handſomly be declin'd, the way wherein I 
=> have managed the following Controverlics 
will, I hope, evince, And the Inducements I now have to ap- 
pear in publick are ſuch, that ic would be hard for me to refiſt 
the being prevail'd on by them. 

For, in the firſt place, I was (by Name,as ic were) challenged 
by a perſon, who undertook to diſprove not one or two of my 
ConjeQures, bur as much of the whole Body of my Treatiſe as 
concern'd the Spring of che Air, which moſt of my Explications 
ſuppoſe. And this being done by a Learned Man, who writes 
very confidently of the goodnels of his Hypotheſis and Argu- 
ments, and his Book being ſoon after follow'd by another 
written by Mr. Hobbs, a man of Name in the World ; there 
ſcem'd to be ſome danger that ſoearly an Oppoſition might op- 
preſs the Dodrine I had propos'd, before ic was well underſtood 
and duly ponder'd. Wherefore I fear'd I might be wanting to 
the Truch and my ſelf, if | (hould ar ſuch a cime be alcogecher 
filent z eſpecially fince I might probably divert many who would 
otherwiſe be forward ro appear againſt us, by lerting chem ſee 
how defenſible our Doctrine is even againſt luch Adverſaries as 

thoſe 


The Preface. N 
hoſe I have reply'd to. And this courſe I the rather choſe, - 
that in caſe I ſhould henceforward comply with thoſe who 
would have me forbear to write any further of theſe Contro- 
verfies, it might not be preſently inferr'd from my filence, -that a 
=_ Cauſe cannot enable a Pen no better then mine to de- 
tend it, 

But I ſcarce doubt but tbar intelligent Readers, eſpecially 
thoſe that are imbued with the Priaciples of che Corpuſcularian 
Philoſophy, will be much more apt to think that I had reaſon to 
write the following Diſcourſes, then to th:nk that I had any to 
make them fo prolix : And eſpecially ingenious men, that are 
accuſtomed to admit nothing that either is nor intelligible, or is 
precarious, will think divers of the ObjeRions I reply to needed 
no Anſwers, or at leaſt no ſolemn ones, Bur to theſe I have four 
things to repreſent. 

And Firſt, That which not a little (wells the bulk of the fol- 
lowing Treatiſcs, is the inſerting thoſe paſlages of mMyAdverſa- 
ries that I examine in their own words : which being a PraQticg 
that I expect from-any chat ſhall chink fic co animadyert upon 
any Opinion or Argument of mine z I thought ic but equitable 
to do what I delir'd ro have done to me, though oftentimes] 
could not do it ina little room. 

Next, I was the more willing to proſecate ſome of Franciſcu 
Linw his Objections, becauſe rhe fear of being reduc'd to grant 
2 Vacuum bas ſo prevail'd with many eminent perſons bred upin 
the received Philoſophy of the Schools, that though they dila- 
gree both wich him and among themſelves abour the parcicular 
manner of ſolving the Phenomena of the Torriceliian Experi- 
ment; yet they agree in aſcribing them to ſome extremely-ra- 
refi'd ſubſtance that fills up the ſpace deſerted by the Quick6il- 
ver. Sothat this Opinion, as to the main, being approved by 
many eminent Schoa!rs, eſpecially of that moſt learned Order of 
the Jeſuites, (to whom perhaps its Tongruicy to ſome Articles 
of their Religion chiefly recommends it) I was willing to pay 
them that reſpeR, as not to diſſent from perſons, divers of whom 

for 
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for their eminence in Mathematicks and other Learning I much 
eſteem,withour thewing that I do ic not but upoa Conſiderations 
chat I think weighty. 

Thirdly, though the Examiners Hypotheſis have bur few, and 
not very conſiderable, Arguments to countenance itz yet his Ob- 
jeions aga'nſt our DoQrine (the Reply ro which takes up che 
firſt Parr of the following Treatiſe) are ſuch,as though they may 
be ſolidly anſwered by any that throughly underſtands our Hypo- 
theſis, yet they may chance puzzle ſuch Readers as do not, and 
theſe poſſiblywill prove more then a few, | 

And, Laſtly , becauſe thac ſometimes when the Argu- 
ment obj<Rted did not perhaps deſerve ro be much inſiſted 
on, the Argument treated of deſeryd to be conſidered ; 
I choughr it not amiſs to make uſe now and then of ſome ſuch 
opportunities to illaſtrate the matter it ſelf under conſideration: 
Which I the rather did for theſe two Reaſons ; 

Firſt, becauſe I find chat, except by ſome able Mathematici- 
ans and very few other contemplative men, the Dodrine of the 
Spring of the Air, at leaſt as I have propoſed it,is nor yer ſuffici- 
ently apprehended,{(and therefore needs to be inculcated,) Inſo- 
much chat chrough a great part of ſome late Diſcourſes of men 
otherwiſe eminently learned, (written againſt other Elateriſts,not 
me) there ſeems to run ſo great and clear a miſtake, perhaps for 
want of skill in the Hydroſtaticks, that I can ſcarce impute it to 
any thing,bur to their nor throughly underſtanding the Hypotheſis 
they would contute. 

And, next, becauſe I was willing to lay down in my Anſwer 
to the ObjeRions I examin'd, the grounds of anſwering ſuch 
other Arguments as may be built upon the ſame or the like 
Principles. And perhaps I may truly enough ſay, char in the 
following Treatiſe I have already in effe& an(wered ſeveral Dif- 
courſes, written tome before and ſome fince mine, by learned 
men, about the Torricelias and other new Experiments relating 
toaYacunm, though TI torbore ro mention thenames or words of 
the Authors, becauſe 1found not-that my Writings or Experi- 
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ments were as yet known to them, To theſe things I may adde, 
chat I thought the Diſcourſes of Zin the fitter to be inſiſted on, 
becauſe he ſeems to bave more diligently then ſome others, 
(who yet venture to ciſpute againſt it) enquired into our Do- 
Arine, And I ſhall not (cruple to {ay chas much of an Adverſa- 
ry, (and one to whom | gave no provocation to be ſo) that 
though I dare not ſpeak in general ot thoſe tharhave written ei- 
cher about the Weight ot the Air, orelſe For or Againſt a /a- 
caum, becauſe /as I acknowledge in the firſt Chapter following) 
I cannot yet procure the Books of divers learned men, eſpecial. 
ly of thole great Perſonages, Robervall, Balianus and Caſatys , 
yet 2mong the Writers I have biche!to met wich, who have re- 
courſe to the Ariſtotelean RaretaQtion and Condenſation in the 
Controverſies under debare, ſcarce any ſeems to have contrived 
his Hypotheſis better then our Linus. Not that T think bis Prin- 
ciple is eitt:er true, or (at leaſt ro ſuch as I) intelligible ; but thar 
the Funiculws he 2fſumes being allow'd him, he may,for a Reaſon 
to be rouch'd a little below, make out, though not all the Phe: 
momena of my Experiments, yet many more of them then moſt 
other Plen ts, that deny the Spring o- the Air, can Ceduce from 
their Hypotheſes it granted, And in regard that, whereas we 
aſcribe ro the Air a Motion of Reſtitution outwarcs, he attri- 
butes toirt the like Motion inwards, it cannot but happen that, 
rhovgh the Principles c:nnot both be true, yet many of the Phe- 
vomena may be explicable by which of chem ſoever is granted : 
becauſe of ths. I ſay, it isnot ſoeafte as many ingenious Rea- 
ders may be pt torhink, ro draw p-rtinent Ot} tions from Ex- 
perience 2gzinſt the Adverſary I have to deal with. Which Ire- 
preſenr, left, as ſome may think-I have employ d more Argu- 
ments then I neecec, ſo others ſhould think I have omitced ma- 
ny; aS indeed I havs omitted ſome, that I inight pertinencly have 
employ 'd. 

But there is another ſort of Perſons befides thoſe I mention'd 
2r tbe beginning of ths Pretace, to whom I muſt addreſle che 
remaining part. of. it; namely, ro.thoſe who ſeem troubled, 

that 


at 1 ſuffer my felf to be diverted either b | 

= or Mr. Hobbs from perfeRting thoſe Ex. nan — ron 
erimental Treatiſes that are lying by me, al- of Colours,of the 
moſt promis'd by the learned Publiſher of che eyes oe pf renin 
LatineEdition of my Eſſays;zand [rom profecuting GT 277 
thoſe wayes of enquiry into theNarture of things, 
wherein they are pleas'd to think I may be more ſerv ceable ro 
reall Learning and the Lovers of ic, And I confeſs that theſe 
Mens Reaſons and Periwafions have fo far p:evailed with me, 
char after what | have done in the' two following Treatiſes, to 
Vindicate my Writings trom the Obje&ions made againſt them 
by ewo Learned men of very differing Hypotheſes, 5nd thereby 
to (hew in ſome meaſure that I am nor alt. gether unacquaintec 
with the way of defending oppos'd Truths, I bave laid afide the. 
thoughts of writing any more diſtin or entire Polemical{ Trea- 
tiſes 2bout the Subjects already diſputed of, And to this I 1m 
invited by ſeveral other Reaſons (beſides what I have newly. 
intimated.) 

. For firſt, as I elſewhere declare,it was not my chief Deſizn tg 
eſtabliſh Theories and Principles, but to deviſe Experiments, 
2nd to enrich the Hiſtory of Nature with Obſervations tai h- 
fully made and deliver'd ; that by theſe, and the like Contriburi- 
ons mace by others, men may 1n time be furniſh'd with a ſuffi- 
cient ſtock of Experiments toground Hypotheſes and Theorys on. 
And though in my Phyſico-Mechanicall Epiſtle and my Spectmens 
] have ventur'd ſome Conjecures alſo at the Cauſes of the 
Phenomenal relate, leſt the Diſcourſe ſhould appear to inqu'fi- 
tive Readers too jejune z yet (as I formerly ſaid) Ipropos'd my 
Thoughts but as ConjeQures defign'd (though not only, yer 
chiefly) ro excite the Curiolity of the Ingenious,and afford ſome 
hints and affiſtance- to the Diſquiſicions of the Speculative. 
And accordingly I have not forborn to mention divers things, 
which judicious Readers may eaſily perceive I forelaw that ma- 
ny would think unfavourable to the. Op nions I inclin'd to. So 
that for me toleave Experimental for Controverſial Studies, 
were. 


were acourſe unfuitable4o the principal ſcope of my Wricings, 

Next, though 1 have advencur'd to improve the Do&rine of 
the Spring and Weight of the Air by ſome Supplements where 1 
{ound 1t deficient, and to recommend it by ſome new 1lluſtra- 
tions and Arguments deduc'd from my Experiments : yer the 
Hypotheſes themſelves (for the main) being the Opinions alſo of 
tar learneder Men then I, it might be thought injurious both co 
them and to our common Caule, it I ſhould needlefly go about 
to hinder them from the Honour of VinJdicating the Truths we a- 
oree in ; eſpecially, ſome of them being Excellent M«thematici- 
ans, and others Eminent Natural;/ts, whoſe Concern to maintain 
the Hypotheſes againſt ObjeRions, it any (hill ariſe, is equal to 
mine, and whole leiſure and abilities far exceed thoſe of a Per- 
ſon who both is fickly, and hath other employments enough, 
and who (it he were far better skil'd in Geometry then he pretends 
co be) hath ſuch a weakneſs in his Eyes, as makes him both un- 
willing and unfit to engage in any Study where the conyerſing 
with Mathematical Schemes is neceſlary, 

Thirdly,nor Co I ſee mach cauſe to doubt that the things I have 
deliver'd will notwithſtanding my falence be left undetended : 
The forwardnefſsT have already obſerv'd in divers Yirtwoſi ro Yin- 
dicate thoſe Writings, which they are pleas'd to ſay have con- 
vinc'd them, and co {ave me the labour of penning the toilowing 
Treatifes, ſcarce permitting me ſuch an Apprehenſion, Eſpeci- 
ally firice there are ſome things that will much tacilicate their 
Task, if not keep men from purting them upon ic, For though 
Mr. Hebbs and Linws have examin'd my Writings upon Princi- 
ples wherein they differ as much from each other as from mes 
yet neither have they ſeen cauſe to deny any thing that I deliver 
as Experiment, nor have their ObjeRions been conſiderable, 
whether as ro Number or to Weight, againſt che Applications 
Ih ve made of my Principles ro ſolve the Phenomena, So that 
uſzally without objeRing any Incongruity to my particular Ex- 
11 cations, they are fain to. fall upon the Hypotheſes themſelves: 
.n whole Defeace I think I may with the more Reaſon expe to 


be 


be ſeconded, becauſe not only I have endeayour'd, as I formerly 
noted, to lay the grounds of anſwering ſuch ObjeRions as I fore- 
ſaw might ariſe ; but I have alſo,to prevent or eaſe their labour, 
written the two firſt Parts of my Detence againſt Lizw, without 
being oblig'd to do ſo for the Vindicating' of my. Explications, 
which are particularly maiatain'd in the third Pare, 

I know not whether I may venture to adde on itfF-Occaſion, 
That thoſe who have taken notice of the uſefulneſs of Experi- 
ments to true Philoſophy , and haye.obſery'd that nevertheleſle 
the Difficulty, Trouble, and Charge” of making them is ſuch , 
that even in this Learned Age of ours there are very tew Bacos's 
or Merſennus's to be met with, and thoſe who have either made 
themſelves,or at leaſt ſeen others make Experiments, even ſuch 
as thoſe I have publiſh'd, with the, care I am want to7think my 
ſelf oblig'd to employ on ſuch Occaſionsz will perhaps-nor only 
believe that they coſt me far more time and pains then they that 
have not made or ſeen ſuch tryals are apt to. imagine, . but will 
poſſibly think it enough for a Perſon that is not by Profeſſion a 
Scholar, to make them caretnlly, and ſer! them down faithfally, 
and will allow: him tolet others Vindicace: the Traths he may 
have the good fortune to diſcover, eſpecially, when there are ſo 
many fittet for it then he, who have (as well as his Adverſaries) 
more leiſure to write Dfputations then opportunity to proſe- 
cute Experiments ; the latter of which co be_pertorm'd as ir 
ought to be, doth .in many caſes, beſides ſome Dexterity ſcarce 
to be gain'd but by Practice, require ſometimes more Diligence, 
and ottentimes too more Coſt,then moſt are will:ng,or then ma- 
ny are able, co beſtow upon them, . 

To be ſhort, though if any thing very worthy to be taken no- 
tice of by me be ſuggeſted againſt any of my chief Opinions or 
Explications, I may either toke an occaſion to ſay ſomewhar co 
it elſewhere, or at leaſt have an opportunity to confiver it in a 
Review, wherein I may alter, mend, {upply, vincicate or rerra&t 
divers Paſſages of my other Writings: yet I would not have it 


expeRed that I ſhould exchange a Book with every one that 1s 
at 


Yu 


eo, 


at leiſure to write one againſt a Yacuwm, or about the Air, + 
W hich Declaration I make, not that I think ic will or ought to 
hinder any man from making ule of his liberty to exprefle a diſ- 
ſenc,if he ſees cauſe ; but for theſe two Reaſons, 

The oe, That my filence might not injure either the Truth 
or my ſelf, by cempting men to think, that whatever I donor an- 
ſwer, | cannot z bur might give gabiaſs'd and judicious Readers 
a Caution to allow as lictle of Advancage to the Writings of my 
adverſaries upon the account of their being unanſwer'd by me,as 
if I were no longer in the World. And the orher, That I may 
not hinder thoſe who would reply to ſuch Adverſaries, by leave- 
ing them an apprehenſion that eicher I may prevent chem, or 
they me. To conclude, I ſee no cauſe ro deſpair, thar whether 
or no my Writings be protected, the Truths they hold forth will 
in time in ſpite of oppoſition eſtabliſh rhemſelves in the Minds 
of men, as the Circulation of the Bloud, and other formerly 
much-conteſted Truths have already done. My Humour has na- 
curally mace me too careful not co offend thoſe 1 diſſent from, 
to make ir neceſſary for any man to be my Adverſary upon the 
account of Perſonal Injuries or Provocations. And as tor any 
whom eicher Judgment or Envy may invite to contend, that the 
things | have communicated ro the World deſerved nor ſo much 
Applauſe as they have had the luck ro de entertain'd with ; that 
ſhall make no Quarrel berwixt us: For perhaps I am my ſelf as 
much of thzt-mind as he z and however I ſhall nor ſcruple to pro- 
{els my ſelf one of thoſe who is more defirous co ſpend his cime 
vetu!ly, then co have the Glory of leaving nothing that was ever 
written 22ainſt him unanſwer'd; and who is more ſollicicous ro 
purſve the wayes of dilcovering Truth, then to have it thought 


chat he never was {Oo much ſubjeRt ro Huinane Frailties as to 
Mils ir, | 


Of Mr. R. BOYLE's ExeLicartions of his Phy. 
ſico-mechanical EXP ERIMENTS, againſt 


FRANCISCUS LINUS. 


The I. Part. 
Wherein the Adverſaries Objeftions againſt the Elateriſts 


are examined. 


CHAP. I 


F551 Newly- publiſhed Treatiſe, De Corporum inſepara- 
SY blitate, being brought ro my Hands, I find ſe- 
veral Chapters of it employ'd to oppoſe the Ex- 


bd 


Nature) to make it unſeaſonable for me, to be by a Work of 
this ſort diverted from them z yet for the Reaſons ſpecified in 
the Preface, I hold it not amiſs ro examine briefly what is ob- 
jeRed againſt the thing I have delivered: and the rather, partly, 
becauſe the Learned Antbor, whoever he be (for 'cis the Title- 
Page of his Book that firſt acquainted me with the name of 
Franciſcas Lines) having forborne provoking Language in his 
ObjeRions, allowes me in anſwering them to comply with my 
' Inclinations & Cuſtom of exerciſing Civility, even where I moſt 
diſſent in point of Judgement, Beſides, the Author himſelfe has 
ſomewhat facilicated my Reply ro him, by direfting me in the 
ninth Page to ſome Books and Paſſages that I had not, whenl1 
pabliſht my Epiſtle, either ſeen or taken notice of. As indeed 
there are beſides ſome of theſe ſeveral other Diſcourſes that 
treat of the Torrecellian Experiments, which though by the 
names of their Auchors I gueſs to be learnedly written, I have 
not to this day had opportunity to peruſe, my ſtay in the remo- 
ter parts of Ireland (whither Philoſophical Books were nor, in 
that time of publick Confufion, brovghe) having kept me trom 
hearing of divers of them, till they were all bought up, Which 
I here mention, to excuſe my ſelf it I have not taken notice'of 
ſome things or paſſages to be met with in theſe Writings, which 
their Learned Authors or Inquifitive Readers might juſtly per- 
haps expeR T ſhould take ſome notice of, in caſe thoſe Writings 
had fallen inro my hands, Bur codigreſs no further, 

"Tis true indeed, and it ſomewhar.croubles me thart it is ſo, 
thatI can ſcarce promiſe my ſclt co make my Adverſary a Pro- 
ſelyte, fince he without ſcruple afſumes thoſe very things as 
Principles, that to me ſeem almoſt as great Inconveniences as [ 
would defire to ſhew any Opin on 1 diſlike, to be liable unto. 
But ſince whatever Operation the following Difcourſe may have 
upon the Perſon that occaſion'd ir, | hope it may bring ſome {a- 
tisfaRion to thoſe Philoſophers who can as little as I underſtand 
the Arifietclean RarefaRion, and who will as well 4s I be back- 
ward to admit what they cannot underſtand ; it ſhall faffice me 
to 


| '3Y 
ro defend the Truths I have deliver'd, if I cannot be ſo happy ap 
to convince my acute Adverſary of them and I ſhall not believe 
my labour loft, if this Diſcourſe can contribute to the Eſtabliſch- 
ment of ſome Notions in Philoſophy that I think not inconfide- 
rable, in the minds of thoſe whoſe clear Principles make me the 
moſt reſpe& their Judgements, and for whoſe ſakes I principal- 
ly write» 

7 Now though T be not in ſtrianeſs oblig'd to defend any more 
then ſuch of my own Explications as the Examiner has thoughe 
fic ro queſtion, and thoſe Particulars which I have added by 
way of Improvement to the two Hypotheſes of the Spring and 
Weighr of the Air: yet that I may the more effe&ually roſe- 
cute wharT lately intimated Taim at in this Writing, and may 
as well illaftrate my Doctrine as defend it, I ſhall d.vide- the en- 
ſuing Treatiſe into three Parts z whereof the firſt is deſign'd to 
anſwer my Adverſaries ObjeRions againſt our Principles z the 
ſecond ſhall examine the Funicular Hypotheſis he would ſubſticute 
in their ſtead z and the third ſhall contain particular Replyes to 
what he alledges againſt ſome of my particular Explications, 


_—_ 


CHAP. Ih, 


Lrhough our Auchor confeſſes in his ſecond Chaprer, that 

the Air has a Spring as well as a Weight, yet he reſolucel 
denies that Spring to be near great enough to perform thoſe 
things which his Adverſaries (whom for brevicies ſake we will 
vencure to call Elateriſts) aſcribe ro it. And his whole fourth 
Chapter, as the Title declares, is imploy'd to prove that the 
Spring of the Air is unable ina cloſe place to keep the Mercary 
ſuſpended in the Torrecel/ian Experiment. The proof of this 
Aſertion he ſayes is eafie : Bur alledges two or three Arguments 
for it, which I think will be more eafily anſwer'd then his Aſſer- 

tion evine'd, 

In the Fuſt he ſayes that choſe experiments Eoncerning che 
aa 2 | Adheſion 


Adbefion of ones finger, 8c. which he had mentioned in the © 
foregoing Chapter, eodens modo ſe habent in loco clauſo as in aper- 
70, But che anſwering of chis we ſhall ſuſpend cill anon ; partly, 
becauſe it may then be more conveniently examin'd, and partly, 
becauſe our Author ſeems not to build much upon ic, bis chief Ar- 
oument being that which he propoſes in theſe words, Cum 
tota wis hujus Elaterii pendeat a refutato jam airis 4qui- 

Pag. 20. pondio cum digitis 29% argenti vivi, its: wt nec plus, nec 
mins f aciat hoc elaterium in loco occluſs, quam fit per il- 

lud equipondium in loco aperto ; manifeſtum et, cum ſam oſtenſum 
ft fuititium plant eſſe hnjuſmodi equipondium, fititium quoque eſſe 
tale elaterium. Wherefore fince all the validity of bis ObjeRion 
againſt the Spring of the, Air depends upon his former Chap- 
ter, wherein he thinks he has diſprov'd the Weight of the Air, 
it will behove us to look back into the former Chapter, and ex- 
amine the four Arguments. which he there propoſes. But I muſt 
crave leave to vary from his method, and confider the third in 
the firſt place, becauſe the removal of that QbjeRion. will faci- 
litate and ſhortenthe anſwer to.the reſt. His Third Argument 
therefore is thus ſet down. Nam ſi Tubue viginti tan« 
Pag. 16, tum digitorum (quo uſt ſumus in primo Arguments) non 
totus impleatur argento, ut prius , ſed ſpatium aliquod 

inter digitum ſuperiorem & argentum relinquatur in quo ſit ſolus 
ar; videbimns AubBratts inferiore digito ſaperiarem nou ſolum. deor- 
ſum trahi, nt prius, ſed etiam. argentum jam deſcendere, idque no- 
tabiliter ,, quantum nimirum extendi poteſt exigua illa atris particu» 
la 4 tali pondere deſeendente, Unde ſi loco illins airis ponatur aqua, 
aliuſve liquor qui non tam facile extenditur , deſcenſus nullus 

erit.. 

 Hinc jnquam,contra hanc ſemtentiam formatur argumentum : nam 
þ externus ille atr nequeat vel hos wiginti digitos argentl a lepſu ſu- 
fentare, uti jam wvidimus, quomeas —_ ſnſtentabit 29; ? Cert? 
hes nullatenus reconciliari poſſunt. + | 
But to this Argument, which be thinks ſo irreconcilable with 
bis Adverſaries Hypotheſis, he.has bimſelf furniſhe chem _ ag 
wer 
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Anſwer in theſe words, Dices forte ideo argentum in hoc caſu de- 
cendere, quia deor ſam truditur ab aere illo tle per ſaum Elaterinm 
dilatante» Which Anſwer I think ſufficient tor the ObjeRion, 
notwithſtanding the two exceptions he takes at ir. 

For firſt, whereas he ſayes,that ſic deberet digitme potize a tubo re- 
pelli, quam tidem affigi, cum non minus ſurſam quam deor ſum fiat 
hujuſmodi dilatatio : He conſiders not, that chough the endea- 
vour of the included Air to expand it ſelte be at firſt every way 
alike, yet the expanſion it ſelte in our caſe muſt neceflarily be 
made downward, and not upward ; becauſe the Finger char 
ſtops the Tube being expos'd on the upper parts and the fides 
to the external Air, has the, whole Weizhr and preſſure of the 
Atmoſphere uponit 3 and conſequently cannot be rhruſt away 
but by a force capable to- ſurmounr' that preſſure : whereas on 
the lower fide of the Included Air there is the Weight of the 
whole Mercurial Cylinder to affiſt the Spring of the Air, to ſur- 
' mount the Weight of the A:meſphere that gravitates upon the 

reſtagnant Mercury. So that the Air included and endeavouring 
toexpand it ſelfe, finding no affiſtance to expand it ſelf upward, 
and a conſiderable one to expand. it felfe downward, it is very 
natural that it ſhould expand ir ſelfe that way whence ic finds 
leſs reſiſtance. As accordingly it will happen, till che Spring of 
the Air be (o far debilitated by irs Expanſion, that irs preſſure, 
together with the weight of the Mercury that remains ſuſpended, 
will but counter- balance, not overcome, the preſſure of the our- 
ward Air upon the reſtagnant Mercury. And this Explication may 
be confirm'd by this trial chatI have purpoſely made,namely,thar 
if in ſtead of Quickſilver you employ Water, and leave as before 
in the Tube an Inch of Air, and then inverting it, open ic under 
Water, you will perceive the included Inch of Air not to dilate 
it ſelfe any thing near (for I need not here define the Proportion) 
halte ſo far as.it did when the Tube was-almoſt fill'd with Mer- 
cary ; becauſe the Weight of ſo ſhore a Cylinder of Water does 
bur equal thatof between an Inch and an Inch and an halfe on- 


ly of Quickſilver, and conſequently the inward Air is far leſs 
aſſiſted: 


aſſiſted to dilate it ſelf and ſurmount the. preſſure of the ont- © 
ward Air by the Cylinder of Water then by that of Mercury, 
And as for what our Author fayes, that if inſtead of Air, Water 
or ſome other Liquor be left at the top of the Tube, the Quick- 
ſilver will not deſcend : the Elateriſts can readily ſolve that Phe- 
nomenos, by ſaying that Water has either no Spring ar all, or 
but an exceeding weak one; and ſo ſcarce prefles but by its 
Weight, which in ſo ſhort a Cylinder is inconſiderable, Now the 
fame ſolution we have given of our Examiners ObjeRion, gives 
us alſo an account why the Finger is fo ſtrongly faftned to the 
upper part of the Orifice of che Tube it ſtops, for the included 
Air being ſo far dilgted that an Inch, for example, left at firſt in 
the upper Part of the Tube, reaches rwice'or thrice as far as it did 
before the deſcent of the Quick-filver, its ſpring muſt be pro- 
portionably weakned. And conſequently thar part of the Fin- 
ger that is within che Tube will have much leſs preſſure againſt 

it from the dilated Air within, then the upper part of the ſame 
Finger will have from the vunrarefi'd Air without. By which 
means the Pulp of the Finger will be thruſt in(which our Author 
1s pleas d to call ſuckt in) as we ſhall ere long have occaſion to de- 
Clare {n our Anſwer to his ſecond Argument. 

And having ſaid thus much ro our Authors firſt exception 
againſt the ſolution he foreſaw we would give of his third Ar- 
gumentz we have not much co ſay at preſent to his ſecond. 

For whereas be ſayes, Concipi non poſſe quomodo atr ille 
Page 17. ſic ſe dilatet, argentamque deorſum trudat, nifs occupande 

majorem locum: Ducdtamen bi Autores quam maxime 
rfugiunt, aſſerentes rarefattionem non aliter fierl, quam j; er cor- 
P*ſcula aut vacuitates : 1 wiſh he had more clearly exprefs'd him- 
ſelf, ſince as his words are couch'd I cannot eafily gueſs what be 
means, and much leſs eafily diſcern how they make an Argu- 
ment againſt his Adverſaries. For, ſure he thinks them not ſo 
abſurd, as to imagine that the Air can dilate ir ſelf, and chruſt 
down the Mercnry, withour in ſome ſenfe taking up more room 
then ir did before : For the very word Dlatation, and the effeRt 
they 


chey aſcribe to the included Air, clearly imply as much, fo that 
I ſee not why he ſhould (ay that hey are ſo averſe trom granting 
the Air to take up more Place then before, eſpecially fince he 
rakes notice in the former Chapter, that we compare the Ex- 
panſion of che Air to that of compre(s'd Wooll z and fince he 
here alſo annexes that we explicate Rarefadtion either by Cor- 
puſcles or Vacuities, -But this later Clauſe makes me ſuſpe& 
his meaning to be, that the Elaterifts do not admit that the ſame 
Air may adequately fil more of Place at one time then at another; 
which I believe to be as true as that the feli-ſame lock of com- 
preſs'd Wooll has no more Hairs in it, nor does adequately fill 
more Place with them, when iris permitted to expand it ſelf, 
then whileſt ic remain'd compreſs'd, Bur againſt this way of 
Rarefaction our Author here has not any ObjeRion, unleſs it be 

intimated. in theſe words, Concips non poteſt : Which if it be, I 

ſhall need only co mind him in this place, that whereas many of 
the chieteſt Philoſophers, both of Ancient and our own times, 

have profeſt they thought not the Ariſtorelean way vt Rarefa- 

ion conceivable; and. he acknowledges (as we ſhall ſee anon) 

that it is not clear 5 what the ableſt of his Party (the modern Ple- 

#iſts) are wont to objeR againſt che way of RarefaRion he di(- 

likes, is, that it is not tr#e, not that itis not #ntelligible, 


CHAP. IIL 


Ur Authors Second ObjeQion (for (o I reckon it) is thus 
propos'd by him. $5 ſumatur tubus utrinque apertns, 
ſed longior puta digitorwns 40. Argentoque impleatur, eique Pag. 15. 
digitus ſwpernt apphicetar ut prins, videbimus ſubtraito in- 
ferlore drgito, argentum quidem deſcendere uſque ad conſucttam ſuam 
fationem, Digitum autem ſuperiorem fortiter intra tubum trahi, 
eique firmiſcime, wt prius, adherere. Ex quo rurſum evidenter con- 
claditur, argentum, in ſus ſtations conflitwtum, non thidem ſuſten- 
tarl ab txterno aire, ſed 4 funiculo quodam interno ſuſpendi, cajus 
| ſuperior 


ſuperior extremitas, digito affixa, eum ſic intra thus trabit, eiqus ® 
affigit. But this Argument being much of the fame nature 
with that drawn from his third Experiment, the Anſwer made 
ro that and to his firſt may be eaſily apply'd, and will be ſuf- 
ficient for this alſo, eſpecially becauſe in our preſent caſe there 
1s leſs Preſſure againſt the Pulp of the Finger in the inſide of the 
Tube then in the third Experiment (where ſome air is included, 
though much expanded and weakned 3) the Preſſure of the 4t- 
moſphere being in the preſent caſe kept off from it by the ſubja- 
cent Mercury, whereas there is nothing of that Preſſure abated 
againſt the other parts of the Finger that keep ic oft from the de- 
ſerted Cavity of the Tube, ſave only that from the Palp that is 
contiguous ro the Tube, there may be ſomewhat of chat Preſ- 
ſure taken off by the Weight of the Glaſs ic ſelf, Burt as for that 
Part of the Finger which immediately covers the hole, whether 
or no there be any Spring in its own fibres, or other conſticuent 
ſubſtances, which finding no reſiſtance in the place deſerted 
the Quickfilyer, may contribute to its ſwelling (for that we wi 
not now examine) he that bas duly confider'd the account al- 
ready given of this Intruſion of the Pulp into the Glaſs, will 
find no need of our Authors internal F#nics/us, which to ſome 
ſeems more difficult to conceive, then any of the Phenomena in 
Controverfie is to be explain'd without it. 


CHAP, IV. 


Y what we have already ſaid againſt our Examiners Third 
Argument, we may be affiſted to anſwer his Firſt, though be 
propole itasa very clear Demonſtrations and though it be in- 
deed the principal thing.in his Book. Suwatur (ſayes 

Pag. 12. he) tubus brevior digitis 29% puta digitorum 20. non t4- 
men clauſus altero extremo, (ut hatjenw) ſed wtringue 

aperius : hic Tubus, immerſo ejws orificio Argento reflagnanti, ſup: 
prſi-oque digito, neeffluat Ar ge11tum Tubo infundendum, impleatw 
Argento 


entowine : aliurg,; deinde digitss orificio quoqs applicetar, illudq, 

hos ,claudat. Qui faite, þ kh fri argitus, ſentietur 

uperior vehemenier trahi, ac ſugi intra twbum, tamq; pertinaciter ei 
(wel argento potins, wt poſtea) adherere, ut ipſum tubum cum toro 4r- 
gento incluſo facile elevet teneatq; in vaſe pendulum, 

Ex quo [ane experiments clariſiime w ner hac [ententia : Cum 
enim, juxta (4m, Argentum in tubo hnjuſmodi 20.tantum digitorum, 
ſurſumn trudatur 4 preponderante acre externo - nunquam profecto per 
eam explicabitur, quomode digitus ille fic trahatur deorſum, tubaq,; 
tam vihementer adhareat , non enim 4 trudente ſurſum poteſt ſic 
d:0r[um trahi. | 

Thus far our Auchors objeRtion, in anſwer whereuato T have 
divers things to repreſent, to ſhew, thar a good account may be 
given of this Experiment in the Hypotheſsr of the Elaterifts,which 
is ſufficient ro manifeſt how far the argument is trom being ſo 
unanſwerable as the propoſer of it would perſwade his Reader, 

I deny then that the Finger is drawn downward, or made by 
ſuction to adhere to the Tube z but Iexplicate that which he calls 
the ſuction of the Finger, as 1 lately did in anſwer to his third 
Argument, as we (hall more particularly ſee anon. 

He ſayes indeed, that the Air which thruſt up the Quickſilver 
cannot ſo ſtrongly draw down the Finger. As it the Air were 
not a fluid body, bu a fingle and entire pillar of ſome ſolid mat- 
ter. But co ſhorten our reply to his objeRions, the beſt way per- 
haps will be briefly co explicate the Phenomenon thus : 

When the Tube is fill'd with Quickfilver, the Finger that 
ſtops the upper Orifce 1s almoſt equally preſs'd above and at the 
Hides by the contiguous Airz but when the lower Finger is re- 
mov'd, then the Cylinder-of Mercury, which before gravitated 
upon the Finger, comes to gravitate upon the reſtagnant Mercu- 
19, 'and by its: intervention to pre(s againſt the outward Air: ſo 
that againſt choſe parts of the Finger that are contiguous to the 
Air there isall the wonted prefſure of the ourward Air, where- 
as againſt char pulp that is contiguous to'the Mercury there is 
not ſo much preſſure as againſt = ou parts. of the Finger by 

two 


cyrial Cylinder in this Experiment .is ſfuppos'd tobe tw 
Inches high 3 and if it were bur a liccle. more then thirty Inches 
high, (which is a third more) then the weigbr of the Quickſilver 
would take off not two thirds onely, but the whole preſſure ot 
the ou;ward Air,from the above-mentioned pulp of the Finger. 
For in that caſe the Quickſilver would quite deſert it, and ſettle 
beneath it. Wheretore {ance it has appeared by our Anſwer 
ro the Examiners third Argument, Thar the preſſure of the out- 
ward Airis taken off trom the body thac remains in the upper 
pirt of che Tube, according to the weight of the liquor ſuſpend- 
edinthe Tube z and fiace in our Hyporheſos the preſſare of the 
outward Airis ableto keep thirty Inches of Quickſilver, or two 
or three and thirty faot of Warer, ſuſpended ina Tube ; itneed 
be no great wander, it a prefſure ofthe ambient Air, equal to 
the weigh of a Cylinder of Warer of near twenty ewo foot long, 
ſhould be able to chruſt in the pulp of the Finger atthe upper 
Orifice of the Tube, and make it ſtick cloſely enough to the 
lip of ic, 

"; know the Examiner afhrms, That no thruſting or preſſure 
from without can ever effeR ſuchan adhefion of the Finger to 
the Tube. Burt rbis ſhould beas well prov'd as ſaid, Bur, firſt, 
though I am willing to think the Examiner would not know- 
ingly relate 2ny thing he is nor perſwaded: of ; yer as far as I and 
another perſon very well vers'd in theſe Experiments have pur- 
poſely tryed, 1 could not find the Adheſion of the Finger to the 
Tabe to be near ſo ſtrong as our Author bath related. Second- 
ty, if yaucareſully endeavour by preſſure atid'orherwiſe to thruſt 
the pulp of your Finger into the Orifice of the Tube, you may 
chxough the Glaſs perceive it to be manifeſtly rumid in the cavi- 
ty of the Pipe. And it by prefling your Finger againſt the Ori- 
ice of the Tube, you ſhould not make the pulp adhere quice ſo 
Groagly ta the Tube, nor fwell quite fo much within ir, as ma 
bappen in.ſome Mercurte! Experiments ;' ic is to be confider'd, 
tat che Air beirg a fluid as well as a heavy body, it does nor (as 


grofler 


two thirds. I (ay by two thirds, or thereaboyt, becauſe the Mer- 1 


grofſer Weights would)'preſs only againſt che upper part of the 
Finger,bur preſſing as much of the finger as is expos'd to it almoſt 
every where, and almoſt uniformly, as well as ſtrongly, ic does 
by its lateral preſſure on every fide thruſt in the Pulp of the Fin- 
ger into the hole where there is not any reliſtance at all, or at 
leaſt near ſo much preſſure againſt the Palp as that of the ambi- 
ent Air againſt the parts of the Finger contiguous to it, 

By this it may appear that we need not borrow the ObjeRion 
ourAuthor offers to lend us;namely,that in theExperiment under 
conſideration the Quickſilver is preſs'd downward by che Spring 
of ſome Air lurking betwixt it and the Finger. (Though Iam 
prone to think that unleſs the Experiment be made with a great 
deal of care, ſuch a thing may eafily happen, and contribute tg 
the ſtronger Adhefion of the Finger to the Tube.) This I ſay 
may appear notwithſtanding what our Author ObjeRs, that the 
Air expanding it ſelf wil thruſt away theFinger upwards, fince the 
contrary of that pretence we have lately manifeſted in the An- 
(wer to his Third Argument, Andas for what he adds to con- 
firm his Argumentation in theſe Words, 9uod wel 
inde confirmatur, Quia cum praponderans ille atr ſuccedat 
(uti aſſeritor) loco ſublati inferioris digiti, id eft, eodem modo nunc 
ſuſtemtet Argentum quo ante ab applicato digits inferiore ſuſtents- 
batur ; manifeſtum eft, non debere, juxta hanc ſententiam, magis 
deorſum trahi digitum ts poſt ſublata inferiorem quam ante, 
Cam itaque contrarium plant doceat experientia, ſatis liquet ſententi- 
am illam eſſe falſam, We muſt conſider that\'the Tube being 
ſuppos'd perfeftly full of Mercury, the Finger chat ſtops the 
lower Orifice is wont to be kept ſtrongly preſs'd againſt it, leſt 
any of that ponderous Liquor ſhould ger out between the Tube 
and the Finger, So that although both the lower Finger do in- 
deed keep up the Mercury in the Tube, and the preſſure of the 
ontward Air wonld do ſo too; yet there 15 this difference, that 
the preſſure of the Atmoſphere depending upon its Weight, can- 

not be intended and weakned as we pleaſe, as can that of the un- 


dermoſt Finger. And therefore whereas the Atmoſpherical 
bb 2 | Cylinder 
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Cylinder will not keep up a Cylinder of Quickſilyer of above thir- 
ty Inches high, thoſe that make the Torrice/lian Experiment 
do often, upon one occaſion or other, keep up with the Finger. 
a Mercurial Cylinder of perhaps forty or fifty laches or far more : 
ſo that whereas in our Caſe, before the removal of the under- 
moſt Finger, the Pulp of the uppermoſt muſt haye about the 
{ime Preſſure againſt it where it is contiguous to the Mercwry, 
25 there is againſt the other part of the ſame Finger, after the 
removal of the undermoſt Finger , there is as much of the 4t- 
moſpherical Preſſure, if I may ſo ſpeak,taken cff trom the newly- 
mention'd Pulp as.counter-balances a Cylinder of Quickſilyer of 
twenty Iaches long. 


WY 0 
———— 


CHAP: V. 


T He Examiners Fourth and laſt Experiment 1s thus propos'd. 
Quarto denique ((ayes he) impugnatur * Quid ex eo may 
Areentum viuum per fumilem Ti wbum & waſculo exſugt 
Pap. '8. poſſe eadem prorſus facilitate qua ex eodem exſugeretur 
aqua : quod tamen experientie repagnat, qud docemur aquam in os 
ſugentts facillime atirahi , quo tamen Argentum. vivum ne tots 
quidem adhibits conatn perduct queat , 110 vix ad Tubi medit- 
taitems, 

Sequelam autem ſic oſftendo: Duia cum it hac ſententia xihil aliud 
agendum fit quam hoc, wt per Tubum ſic aſcenaat ſubjefFus Liquor, 
ſwoe _ fuerit, ſive Argentum, niſi ut ſagende ſurſum trahatur 
air Tubo inclu{ 5, quo ſic attracto aſcendit illico ſubjefFns Liquor, 
protruſus nimirum ab exteruo acre jam praponderante (uti docet Pec- 
querttus in Diſſertatione Anatomica pag. 63.) manifeſium eſt, ear 
dem plant facilitate exſugendum fic Argenium wvivum qua exſu 
gitur Aqua: Pued quam Experientia tam aperte repugnat , ne- 
cfſe eſt ſententiam ex qua ſequitur falſam eſſe. 

This Experiment I remember I made ſome years ago, accor- 
cingly.*tis alledg'd in the Fourth Eflay of the Treatiſe (I was 

chen 


(17) 
then writing) to prove againſt the Vulgar Op'inion, that Li- 
quors do not to prevent a Yacuwm ſpontaneouſly aſcend, which 
I preſume will be ſo tar allow'd of by our Author, who would 
have Liquors ſuppos'd to be rais'd by Suftion violently drawn 
up by the contration of his Funicslus. But to examine this 
Experiment, as it concerns the preſent Controverſie, we may 
recal to mind that we formerly ſhew'd in the Anſwer to our Au- 
thors Third Argument, That when the Mercurial Cylinder that 
leans upon the reſtagnant Mercury has at the other end of it Air, 
kept trom any entercourſe with the Atmoſphere, that included 
Air has ſo much of the Preſſure of the external Air taken off 
from it as counterpoiſes the Mercurial Cylinder. And the Fin- 
ger that is exposd to the whole Preflure of the ambient Air in 
{ome of irs Parts, and in others but to the much fainter Preſ- 
ſure of the included Air, endures an unuſual Pieſſure from che 
preponderating Power of the Atmoſphere. 

We may conlider alſo that there is againſt the Thorax and 
thoſe Muſcles of the Abdomen thar are ſubſervient to Reſpirati- 
on che Preſſure of the whole ambient Air. Which Preſſure; 
notwichſtanding the Mutcles defign'd for the uſe of Reſpiration, 
are able withouc any confiderable refiſtance co dilate the Thorax 
at pleaſure 5 becauſe, asfaſt as they open the Cheſt, and by di- 
lating it weaken the Spring of that Air which is then within the 
Body, the external Air by flowing in, for want of finding the 
uſual refiſtance there, keeps chat within the T borax in an « quili= 
brium of force with that without. Theſe things premiled, 'ris 
not difticult in our Hypetheſss to give an Anſwer to the Exami- 
ners Experiment. For we ſay when a Cylinder of Mercury is 
raisd in the Tube to any conſiderable height, the Preſſure of 
the Air in theThorax is leſſen'd by che whole wet2ht of chat Mer-- 
curial Cylinder, and conſequently the Reſpiratory Muſcles are 
thereby diſabled to dilate the Cheſt as freely as they were wonr, 
by reaſon of the Prevalency of the undiminiſh'd Preſſure of the 
external Air againſt the weakned Preflure of the internal : Buc 
itin ſtead of Mercwy you ſubſtitute Water, fo ſhort a _ 


of that comparatively light Liquor takes off ſo little of the” 
Preffure of the included Air, that it comes into the Lungs with 
almoſt its uſual Strength , and conſequently with almoſt as 
much Force 2s the outward Air prefles with againſt the 
Thorax. 

And on this occaſion there occurrs to my thoughts a noble 
Experiment of the moſt Ingenious Monſievr Paſchal , which 
clearly ſhews, char if we could tree the upper Part of ſuch a 
Tube as we are now conſidering from the Preſſure of all inter- 
nal'Air, it would follow, as the Examiner (ayes it ſhould, that 
the Quickſilver would by the Preſſure of the outwardAir be im- 
pell'd up into the Tube as well as Water, till it had atrain'd a 
beight great enough to make its Weight not interiour bur equal 
to that of the Atmoſphere, The Experiment ic felt being ſo per- 
tinent and conſiderable, we ſhall annex it in che ſame words 
wherein it is related by his Country-man and Acquaintance, the 
GX Mt a8. 1 Learned and Candid Gaſſendws. Neque hoc werd 
Os Tn. 04 ſolumſed inſuper vitreo Diabete Clyſtertve ea qua 
De nupero Inanis Ex- par fuerit longitudine confeo, & poſt embolum 
PRO ad orificium nſque compulſum, immiſſo ad nor- 
mam in (ubjettum Hydrargyrum deprehendii, ubi embolum ſenſim 
arinde educitar, conſequi Hydrargyrum aſcendereq;, ad tandem uſq, 
duorum pedum & digitorum trium cam ſemiſſe altitudinvem. To 
which he immediately ſubjoynes a Circumſtance very confide- 
rable to the preſent Controverfie in the following Clauſe, 
Ac ubi dtinceps, adhibita licet non majore vi, mbolum altins educi- 
tur, confitere Hydrargyrum, ntq, amplius conſequi, ac fiert interim 
Inane quod ſpatium intercipitur ab ipſo ad Embolum wſque. Thus 
far he, So that as to the Examiners Experiment, we may well 
explicate it in our Hypotheſis, by ſaying, that agreeably to it 
it happens, th:t in a more torcible Reſpiration the Mercurial 
Cylinder is raiſed higher chen in a more languid 1 becaule, in che 
former Caſe, the Cheſt being more dilated, the included Air 
is alſo more expinded ; whereby its debilitated Spring cannot 
as betore enable the Mercurtal Cylinder to counterpoiſe _—_ 

cher 


" therthe Preſſure of tbe ambient Air, And that the Reaſon why 
the Quickſilver is not by Reſpiration rais'd as high as it is kepc 
ſuſpended in the Torrice/lian Experiment, is not, that the Preſ- 
ſure of the outward Air is unable to raiſe it ſo high, but becauſe, 
25 we have already declar'd, the free Dilatation of the Thorax 
is oppoſed by the Preſſure of the ambient Air ; which P-eſſure 
being againſt ſo great a Superhicies, and being but imperte&ly 
reſiſted by the debilitated Preſſure of the Air within the 7ho- 
74x, Will be eafily imagined to be very conſiderable: by him 
who conſiders that in our Engine, the Preflure of the external 
Air againſt the Sucker of lefs then three Inches Diameter was, 
as we relate in the 33. Experiment, ab'e to thruſt up a Weight of 
above a hundred pound. And here we may obſerve upon the 
By in Confirmation of our former DoRrine , that when we 
frongly ſack up Quickfilver ina Glaſs Tube, thouch che Ele- 

vation of the Quickſilver be according to our Author pettor- 
med likewiſe by his Funiculus contrafting it ſelfe every way, 
and though there be a Communication betwixt the internal 

Surface of the Eungs, and the Cavity of the Tube ; yer we 

teel not in our Lungs any endeayour of the ſhrinking Funicu!ws 

to tear off that Membrane they are lin'd wich. | 

And thus we have examind our Authors four Arguments, to 

prove that in the Torricellian Experiment the Quickfilver can- 

not be kepr fuſpended by the counterpoiſe ot the external 

Air : Againſt which Opinion he tells ns indeed, chat other Ar- 

guments might be alledg'd, bur as it is not probable 
that if he had thought them better then thoſe he has 
eleed to infiſt on, he would have omicred them; ſo *cis not 
unlikely that Anſwers might be as well found for them as for 
the others; eſpecially fince char which he ſingles out tor a Spe- 
cimen is, that from his Adverſaries Hypotheſss it would follow, 
that the Quickſilver would deſcend much more (I ſuppoſe 'tis a 
miſtake of the Preſs, for much leſs) in cold Weather then in hor, 
becauſe the Air is then thicker and heavier, and cher*fore oughe 
toimpel up tbe Quickſilver higher, For beſides t ac we ſhall in 
TE 
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its due place queſtion the validity of our Authors Conſequences 
it will be here ſufficient to Reply, that the Obſervation on 
which he grounds ir does not conſtantly hold, as his ObjeRian 
ſuppoſes : which may appear by that part of our 18, Experi- 
- meat whence the matter of Fat is deſum'd, as we ſhall have or- 
caſion to take further notice of when we ſhall come to the De- 
fence of that Experiment, So that what has been hicherco Diſ- 
cours'd on both ſides being duly conficer'd, the Reader is left 
to judge what ground the Examiner had for the "ET:grue 
wherewith he is pleas'd to conclude his Third Chapter, Maneat 
igitur tot Argumentis comprobatum, quorum quodlibet 
©28- 19: ſe ſolo ſuf ficit, Argentum (fatto Experimento in loco 4- 
perts) per externi acris gravitatem 4 lapſu minim? ſuſtentar}, 
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CHAP, VI. 


| bu fourth Chapter, whereia the Title promiſes that he will 
prove, Argentum in loco eccluſo non fobemtari a lapſu per ip- 
ſum atris Elatertum, is very ſhort, and does not require that we 
. ſhould dwell long upon it. For the proof he brings of his Afſer- 

tion being this, Cum tote vis hajms Elaterii pendeat a re- 
* 1% futato jam azris aquipondio cum digitis 29% Argenti wivi, 
ita ut nec plus nec minns faciet hos elaterium in loco occluſo quam 
fit per illud equipondium in loco aperto, manifeſtum eſt, cumjam 
oftenſum ſit fietitium plane eſſe hujuſmodi <p par, fititium 
qu0gz eſſe tale elaterium: This being nonew Argument, bur an 
Inference from thoſe he had ſet down in the former Chapter, by 
ourAnſwers tothem it is become needleſs for us to make any di- 
ſtint Reply to this. We ſh3l rather defire the Reader to take no- 
tice,that whereas our Author ſayes that according to his Adyer- 
ſaries, Nec plus nec minus factat hoc Elaterium in loco occluſo quam 
fit per illad-/Equipondium in loco aperts;whatever others may have 
written, we tor our part allow of this Opinion but in ſome Cales; 
for in others we have perſorm'd much more by the Spring of 
the 
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the Air, which we can within certain limits increaſe at pleaſore, 
then can be perform'd by the bare weight, which for ought we 
know remains alwayes ſomewhat near the ſame. And of this 
advantage that the Spring of the Air may have in point of force 
above the weight of it, we have formerly given an Inſtance in 
our 17, Experiment, (where, by compreſſing the Air in the 
Receiver, we impell'd the Aercurial Cylinder higher then the 
Ration at which the Counterpoiſe of the Air is wont to ſuſtain 
ic) and ſhall hereafrer have occaſion to give yet more confide- 
rable proofs, To the lately recited words onr Examiner ſub- 
joyns theſe z Adde, cum allata jam capite precedente ex- 
perimenta de adheſione digiti, &c. eodem modo ſe habent in 
loco clauſs ac in aperto, neceſſarium eſſe falta 6x ets ar gumenta contra 
equipondium , eadem quoq; contra elaterium vim habere, But 
chough he propoſe this as a new Argument, yet fince'tis built 
but upon the adheſion of the Finger (of which we have already 
given an account in our Hypotheſis) I ſee not how it requires any 
new 2nd particular Anſwer. And whereas te (ayes, that the 
Experiments he had mentioned concerning the adheſion of ones 
Finger, &c. codem modo ſe habent in loco clauſo ac in aperts ,, 1 
could wiſh he had acded what way he took to make the Tryals. 
For he gives no iacimation that he did them any other :wayes 
then in ordinary rooms. And in ſuch there ſcarce ever wants 8 
communication betwixt the inward and outward Air, either at 
the Chimney, or Window, or Door not exaRtly ſhur, or ar 
tome hole or crevice or other, by means of which che weight of 
the Armoſphere has its operation within the room. 

To his ſecond Argument our Author adds not a third, unleſs 
we take that for an Argument which he immediately annexes to 
his laſt recited words : - Et profedts (ayes he) þ (ecum cx- 
penderent hi Authores, quanta (it d:fficultas explicandi hu- 
juſmedi airs elateriuw, nift idem a-r ſe ſolo occupet majortm locum 
(ut paulo amte) creds eos ſententiam facile mutaturor. But this 
being ſaid grats, does not exaR an Anſwer ; and he muſt make 
it more intelligible then any man that I know of has yer done, 
CC how 
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how the ſame Air can adequitely fill more ſpace at one time 
then at another, before he perſwade me to change my opini- 
or about the Spring of the Air : Eſpecially fiace he 
himſelf allowes that the Air has a. Spring, whereby it 
iS able, when it has been —_— comprels'd, to recover its due 
extenſion; rhe manner whereot it he will intelligibly explicate, 
his Adverſaries wili have no great difficulty co make out the 
Spring of the Air. Bur whecher his Hypotheſis, or ours, be the 
more intelligible, will be more properly conſidered in the ſecond 
part of our Diſcourſe, to which. we will theretore now proceed, 
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The II. Part. 
I herein the Adverſaries Funicular Hypotheſis 


# examin'd. 


CHAP. I. 
What us alledged to prove the Funiculus # conſider d . and 


ſome Difficulties are propos'd againſt the Hypothelis. 


He Hypotheſis that the Examiner would, as a better, 
ſubſtituce in the place of ours, is, if I miſtake ir nor, 
briefly this 3 That the things we aſcribe to the 
weight or ſpring of the Air are really perform'd by 
neither, bur by a certain Funiculws, or extremely 
thin ſubſtance, provided in ſuch caſes by Nature, ne detur va- 
cuum, which being exceedingly rarefied by a forcible diſtenſion, 
does perpetually and ſtrongly endeavour to contra& it ſelf into 
dimenſions more agreeable co the nature of the diſtended body g 
and conſequently does violently attract all the bodies whereunto 
It iS Contiguous, if they be not too heavy to be removy'd by ir, 
Bur this N—_—_ of our Authors does to me, I confeſs, ap- 
pear liable ro {uch Exceptions, chat though I cilik'd that of his 
Adverſaries, yet I ſhould not imbrace his, but rather wait cill 
CC 2 cime 
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time and. further Speculations 
other Theory, fitter to be acquieſc'd in then this z which ſeems 
to be partly precarions, pu wnintelligible, and partly inſufh. 
cient, and beſides needleſs : though it will not be ſo convenient 
to prove each of theſe apart, becauſe divers of my ObjeRions 
rend to Prove the DoArine, againſt which they are alledged, ob- 
noxious to more then one of the imputed ImperteRions, 

Firſt, then, the Arguments by which our Author endeayours 
ro evince his Faniculws, are incompetent for thatend. The Ar- 
guments which he propoſes in his ſixth Chapter (where he un- 
dertakes to make good his Aſſertion) I there find to be three. 

The firſt he ſets down in theſe words, Conftat hoc primo ex jam 

ditts Capite precedente : nequit enim argentum deſcen- 
Pag, 24. dens fic digitum deorſum trahere, tuboq, affigere, nifs tall 
Funiculo ſuſpendatur, eumq; ſuo pondere vehementer extendat, ut 
per ſe patet, Butto this proof anſwer has been made already in 
che former Part of this Diſcourſe : onely whereas the Author 
ſeems to refer us to the foregoing Chapter, we will look back 
toit,and take notice of what I find there againſt the Vacuiſts, For 
though I neither am bound, nor intend, in this Diſcourſe to de- 
clare my ſelfe for, or againſt, a Vacuum z yet fince I am now wri- 
ring againſt the Funiculsr Hypotheſis, it will much conduce to 
ſhew thac it is not firmly grounded, it I.examine what he here 2l- 
ledges againſt the Aſertors of a Vacuum. 

In the next place therefore I confider that, according to the 
Examiner, there can be no Yacuwm; and that he makes to be 
the main reaſon why Nature in the Torricelian and our Expe- 
riments does aR after ſo extraordinary a manner, as is requiſite to 
the production of his Funiculm, For in the 47+ Page, having in 
his Adverſaries name demanded what need there is at the de- 
ſcent of the Quickſilver, that before it falls a ſuperficzes ſhould be 
ſeparated from ir, and extended z Reſpondeo (layes he) ideo hoc 
fieri, ne detur vacuwm 5, cum nihil aliud ibi adſit guod loco argenti 
deſcendemtis poſſit ſaccedere. Towh ch he immediately ſubjoyns, 
(with what cogency I will not now eximine) Argy bin plane 
con- 


or tryals ſhould fuggeſt fone F 
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confirmatur commune” illud per tot jam _ ſecala uſurpatum in 
Schalis axioma, viz. Naturam 4 vacuo abborrere. And though 
he ſeem to make his F#nicu/as the immediate cauſe of the Phe- 
nemena OCcurring in the Torricefianand our Experiments: yer 
thar, if you purſue the inquiry a little higher, he reſolves them 
in:o Natures abhorrency of a Yacwwm, himſelf plainly intorms us 
in the next page; Nam /icet (ſayes he)immediata ratio cur p 

aqua v. g. tx hydria hortulana ſuperne clauſa (quoexempla © mn 
utuntur) non deſcendat, non fit metuvs vacui, ſed ea quam mods dixis 


' mus, nempe quod non detur ſufficiens pondus ad ſoluendums illum 


nexum quo 4&4hereat aqua clauſe bydrie ſummitati , ad eam tamen 
»ationeys tandem neceſſario veniendumeſt, Bur, though as well 
our Authot's Funicu/we, as the other ſcarce conceivable Hypo- 
th:ſes that learned men have deviſed, to account for the ſuſpen- 
fion of the Quickſilver otherwiſe then by the reſiſtance of the 
external Air, ſeem to have been excogicated onely to ſhua the 
neceſſity of admitting a Yacuwm : yet I ſee not how our Exami- 
ner cogently proves, either that there can be none i» rermm 14- 
tua, or that De fas there is none produc'd in theſe Expeti- 
ments. For in his fifth Chapter (where he proteſſedly uader- 
takes that taSk) he has but theſe two incompetent Arguments, 
The firſt is drawn from the attraction, as he ſuppoles,;ot the Fin» 
ger into the deſerted cavity of theTube in the Torrice/tan Expe- 
riment: 2ue quidems ({ayes he) tam vehemens trattto & 
adheſio, cum non niſt a reali aliquo corpore inter digitum 
& argentum conſtitntum queat provenire, manifeſtum eſt ſpatium 
ifud vacuum non eſſe, ſed vers aliqua ſubſtantia repletum, But to 
this Argument baving already given-an Anſwer, let us (wichouc 
ſtaying to urge, that the Vacuilts will perhaps objec, thar they 
ſee not a Neceſſity, though they ſhould admit of Traction in the 
caſe, that the internal ſubſtance muſt theretore pertectly replen!ſ 
the deſerted Cavity ; without prefling this, I ſay, let us) contfi- 
der his other, which he draws from the D:aphancity of the deſer- 
ted part of the Tube, which ipace (he ſayes) were ic empcy, 


would appear like a little black Pillar, Zo quod walls ſpecies vV1[na- 
les: 
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les neq, ab eo neq, per illud poſſunt ad oculum pervenire. But (not 
toeng2ge our ſelves in Optical Speculations and Controverſies) 
if we grant him ſomewhat more then perhaps he can prove ; yet 
as the Experiment will not demonſtrate that there is — 
body in any part of the ſpace deſerted by the Mercary , ſo neither wi 
the Argument conclude (as the Propoſer of it does twice in this 
Chapter) That ſpace vera aliqud ſubſtantia repleri. For according 
to the Hypotheſis of the Epicareans and other Atomiſts, who 
make Light to be a corporeal Effluvium trom lucid bodies, and 
to confiſt of Atoms ſo minute, as freely to get in at the narrow 
Pores of Glaſs, there will be no cauſe to deny interſpers'd Va- 
cuiries in the vpper part of the Tube. For the Corpuſcles of 
Light that permeate that ſpace may be ſo numerous, as to leave 
no ſenſible part of it un-inlightned ; and yet may have ſo many 
liccle empty Intervals betwixt them, char, if all chat is corporeal 
in the ſpace we ſpeak of were united iato one lump, ic would not 
perhaps adequately fill the one half (not to ſay che tenth, or 
even the hundredth part) of the whole ſpace : According to what 
we have noted in the 17. Experiment, that a Room may appear 
full of the ſmoke of a Pcrfume, though it all the Corpuſcles that 
compole that ſmoke were re-united, they would again make up 
bur a ſmall Paſtil, To which purpoſe I remember I have taken 
Camphire, of which a little will fill a Room with irs odour, and 
having in well-clos'd diſtillatory Glaſſes caught the fumes dri- 
ven over by hear, I thereby reduc'd them to re-conjoyn into 
true Camphire, whoſe bulk is very inconfiderable in compariſon 
of the ſpace it fills as co ſenſe, when che odorous Corpulcles are 
{cattered through the free Air, 

To which I might adde,that the Torrice/ian Experiment being 
made in adark night, or in a Room perfectly darken'd, if it ſuc- 
ceed (as there is little cauſe to ſuſpeR ir will not) it may well be 
doubted whether our Authors Argument will there cake place, 
For if he endeavour to prove that the place in queſtion was {ull 
in the dark, becauſe upon the letting in of che Day, or the bring- 
ie9 in of a Candle, the light appears within it ; ihe Vacuiſts may 


reply 


reply according to their Hypotheſis, That that light is a new one, 
flowing from the Jacid body that darts its corporeal beams quice 
through the Glaſs and Space we diſpute abour, which tor wanc of 
ſuch Corpuſcles were not juſt before viſible, 

And ſuppoſing light not to be made by a crajetion of Atoms 
through Diaphanous bodies, but a propagation of the impulſe of 
lucid bodies through them , yer ic will noc thence neceſſarily 
follow,that the deſerted part of che Tabe muſt be full: As in our 
27. Experiment (though many of thoſe groſs Aerial Particles 
chat appear'd neceflary to convey a languid (ound were drawn ouc 
of our Receiver at the firſtand ſecond Exſucion,; yer there re- 
main'd ſo many of the like Corpuſcles , that thoſe that were 
wanting were not mils'd by che ſenſe, though afterwards, when 
a far greater number was drawn out, they were) ſo there may be 
matter enough remaining to tranſm.c the impulle of light , 
though berwixt the Particles of that macter there ſhould be 
ſtore of vacuiries intercepted. Whereas our Author pretends to 
prove, not onely that there is no coacervate Vacuity in the (pace 
ſo often mentioned, but abſolutely that there is »one, For 'tis 
in this laſt ſenſe, as well as che ocher, that the Schools and our 
Author, who defends their Opinion, deny a Y acuum, 

But notwichſtanding whit we have now diſcours'd, 2s in our 
17. Experiment we declin'd determining whether there be a Ya- 
cuum OLr.00 3 ſo now what we have ſaid £0 the Examiners Argy- 
ment, has not been to declare our whole ſenſe of the Contro- 
verfie, but onely to ſhew, thatthough his Hyporbeſis ſuppoſes 
there is no-Y4.uum, yet his Argumentsdo not (uthcicntly provs 
it: which m1y help to- thew his Do@tine to be precarious; tor 
otherwiſe the Carteſsans, though Pleniſts, may plauſibly enough 
(whether truly or no | now diſpute not) decline the necefſicy of 
admitting a Yacuwm in the deſerted ſpace of the Tube, by ſuppa- 
fing it fiil'd with- their ſecond and fiſt Element, whoſe Particles 
they im3gine to be minute enough treely to pals in and que 
through the Pores ot Glaſs. Butthen they muſt allow che pi e(- 
ſure of the outward Air to be the cauſe of the. ſuſpenſion of the 
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Qu'ckfilver: for though the materia celefis may readily fill the 
ſpaces the Mercury deſerts; yet that within the Tube cannge 
binder ſo ponderous a liquor from ſubliding as low as the reſtag- 
nant Mercy, fince all the parts of the Tube, as well che low- 
ermoſt as the uppermoſt, being pervious to that ſubtile matter, 
it may with like facilicy fucceed in whatever part of the Tube 
ſhall be forſaken by the Quickhilver, | 

The Examiners ſecond Argument in the ſame place is, That 
fince the Mercarial Cylinder is not (uſtain'd by the outward Air, 
it muſt neceſſarily be, char ic be kepc ſuſpeaded by his iaternal 
ſtring. Burt ſince for the proof of this he is conteat to reter us 
to the third Chapter ; our having already examin'd that, allows 
us to proceed to his third Argument, which is, That the Mercu- 
rial Cylinder, reſting in its wonted ation, does not gravirate; 
as may appear by applying the Finger to the immers'd or lower 
Orifice of the Tube; Wheace he infers, chat it muſt of nece(- 
ſity be ſuſpended from within che Tube. And indeed if you 
dexterouſly apply your Finger to the open end of the Tube, 
when you have almoſt, bur nor quite, lifted it out of the reſtag- 
nant Mercury, (which circumſtance muſt not be negleRed, though 
our Author have omicredit) that ſo you may ſhut up no more 
Quickſilver then the Mercurial Cylinder is wont to conſiſt of, you 
will find the Experiment to ſucceed well enough : (Which 
makes me ſomewhat wonder to find it afirm'd, that the learned 
Maiegnan denies it) not but that you will teel upon your Finger a 
oravitation or preſſure of the Glaſs-Tube, and the contained 
Mercury, as of one body z but that you will not teel any (enſible 
preſſure of the Mercury apart, as it it endeavoured to thruſt away 
your Finger from the Tube. Bur the realon of this is not hard 
cogivein our Hypotheſis z for according to that, the Mercarial 
Cylinder and the Air counterpoiſing one another, the Finger ſu- 
ſtains not any ſenfibly-diffcring preſſure from the ambient Air 
that preſſes againſt tbe Nail and fides of it, and from the included 
Quickſilver that preſles againſt the Pulp. Butit the Mercurial 
Cylinder ſhould exceed the uſual length, then the Finger mow 
eel 


feel ſame preſſare from that ſurpluſage of Quickfilyer, which 
the Air does-not aſſiſt the Finger to ſuſtain, So that this plea- 
ſant Phenomenon may be as well ſoly'd ia our Hypotheſis, as in 
che Examiners : in which if we had cime to clear an ObjcQion, 
which we tore- ſee might be made, but might be anſwer'd too, 
we would demand why, when the Mercury included in the Tube 
is but of a due altitade, it ſhould run out upon the remoyal of the 
Finger thac ſtops it beneath, in caſe it be ſuſtain'd onely by the 

internal F#nicelwe, and do, according to his Dorine, when the 

Funiculws ſuſtains ic, emulate a ſolid body, if che preſſure of the 

external Air has not (as our Auchor teaches it not to have) any 

thing to do in this matter. 

And it ſome inquiſitive perſon ſhall here obje, That certain- 
ly the Finger muſt feel much pain by being ſqueez'd betwixt 
- two ſuch preſſures, as that of a Pillar of thirty Inches oft Quick- 
filver on the one (ide, and an equiyalent preſſure from the At- 
moſpherical Pillar on the other, it may readily be repreſented, 
that in Aluid bodies (ſuch as are thoſe concern'd in our Difficulty) 
a ſolid body has no ſuch ſenſe of preſſure from the ambient bo- 
dies as ( unleſs Experience had otherwiſe inſtruted us) we 
ſhould perhaps imagine. For, not to mention that having in- 
quired of a famous Diver, whether he tound himſelf ſenſibly 
compreſſed by the water at the bottom of the Sea; he agreed 
wich che generality of Divers in the Negative: Iam inform d 
that the learned Maignaen did purpoſely try, that his hand being 
thruſt three or four Palmes deep into Quickfilver, his fingers 
were not ſenſible, either of any weight from the incumbent, or 
of any preſſure from the ambient, Quickſilver. The reaſon of 
which (wbether chat inquiſitive man have given it or no) is not 
neceſſary in our preſent Controverſie to be look after. 

To theſe three Arguments the Examiner addes not a fourth, 
unleſs he deſign to preſent irus in this concluding paſſage : Huc 
eliam faciunt infignes librationes quibus argenmtum ſubito 
drſcendens agitatur : Idem enim hic fit quod in aliis Pen» 


dulis & ab alte demiffis fiert ſolet, Bart = this Phenomenon allo 
d 'ris 


Pag. 25. © 


XY. hs 

"ris eafie to- give an account in our Hypotheſis by two ſeveral 
wayes;z whereof the Firſt (which is proper chiefly when the 
Experiment is made in a cloſe place, as our Receiver) is, That 
the Quickſilver by ics ſudden deſcent acquires an impetus ſuper- 
added to the preſſure it has upon the ſcore of its wonted gra- 
- vity 3 whereby it for a while falls below its ſtation, and thereby 
compreſſes the Air that leans upon the reſtagnant Mercury, 
W hich Air by its own Spring again forcibly dilating ir ſelf ro re- 
cover its former extenſion, and (as is uſual in Springs) haſtily fly- 
ing open, expands ir ſelt beyond it, and thereby impells up the 
Quickſilver ſomewhat above its wonted ſtation, in its fall trom 
whence it again acquires ſomewhat (though nor ſo much as be- 
fore) of impetus or power, to force the Corpulcles of the Air to 
a Sub-ingreſſion; and this reciprocation of preſſure berwixt the 
Quickſilver and the outward Air decreafing by degrees, does at 
length wholly ceaſe, when the Mercary has loſt that ſuperadded 
preſſure, which ic acquired by ics falling from parts of the Tube 
higher then its due ſtation. But this firſt way of explicating 
theſe Vibrations is not neceſſary in the free Air : for if we confi- 
der the ambient Air onely as a weight, and remember what we 
have newly ſaid of the impetus acquir'd by deſcent; this Phens- 
menon may be ealily enough explain'd, by taking notice of what 
happens in a Balance, when one of the equiponderant Scales 
chancing to be depreſs'd, they donot till after many Vibrations 
ſettle in £quilibrio. 

And on this occaſion I ſhall adde this Experiment : Itook 2 
Glaſs Pipe, whoſe two legs (very unequil in length) were paral- 
lel enough, and both perpendicular to that part of the Pipe thar 
conneRed them, (ſuch a Syphon is deſcrib'd in our 36. Experi- 
ment, to find the proportion of the gravity of Mercury and Wa- 
ter) into this Quickſilver was-pour'd till 'rwas ſome Inches high, 
and equally high in both legs: then the Pipe being inclin'd till 
the moſt part of the Quickfilyer was fallen into one of the legs, 
I ſtopt the Orifice of the other leg with-my Finger, and ereRing 
gain the Pipe, though the Quickfilyer were forc'd to aſcend a 

liccle 
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lictle in that ſtopt leg yetby reaſon my Finger kept the Air 
from getting away; the Quickſilver was kept lower by a good 
deal in that ſtopt leg then in the other z bur if by ſuddenly re- 
moving my Finger | gave paſſage to the included and ſomewhat 
compreſt Air, the preponderant Quickfilyer in the other leg 
would with the Mercury in this unſtopt leg, make divers undy- 
lations before thar liquor did in both legs come to reſt in an equi- 
librium. Of which the Reaſon may be eafily deduc'd trom what 
has been newly deliver'd; and yet in this caſe there is no pre- 
rence to be made of a Funiculws of violently diſtended Air to 
effe& the Vibrations ofthe Mercury, 
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CHAP. II. 
Divers other Difficulties are objefted againſt the 
Funicular Hypothelis. 


T Hirdly, Buc though our Examiner have not ſufficiently pro- 
ved his Hypotheſis, yet perhaps it may be in its own nature ſo 
like to be true, as to deſerve to be imbrac'd as ſuch, Where- 
fore we will now take notice of ſome of thoſe many chings char 
to our apprehenſion render it very improbable, _ 

And firſt, whereas our Author acknowledges that Quickſil- 
ver, Water, Wine, and other liquors, will, as well one as ano- 
ther, deſcend in Tubes exaQly ſealed at the top, in caſe the Cy- 
linder of liquor exceed the weight of a Mercurial Cylinder of 
29%, Inches; and will ſubſide no longer then till it is come to 
equiponderate a Cylinder of Quickſilver of that height z where- 
as, I (2y, the Examiner is by the ingenious Monſieur Paſchall's, 
and other Experiments, induc'd to admit this, it cannot bur 
ſeem ſtrange that, whatever the liquor be, there ſhould be juſt 
the ſame weight or ſtrength to extend them into a Funicules : 
though Water, for inſtance, and Quickſilver be near fourteen 
times as heavy one as the _ =_ be. otherwiſe of very di- 
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tant natnres $ and thovgh divers other liquors, as Oyle and © 
Water, be likewiſe of Textures very differing. And this may 
ſomewhat the more be wondred at, becauſe our Author (in his 
Animadyerfions upon our 31, Experimenc) is pleaſed to make 
ſo great a difference betwixt the diſpofition of bodies of various 
confiſtences, as flaid and firm, to be extenuated into a Fupicu- 
lis, that be will not allow any humane force to be able to pro- 
duce one, by the divulſion of two flat Marbles, in cafe the con- 
raQ of their Surfaces were fo exquiſite as quite to exclude all 
Air z though in the ſame place his Ratiocination plainly enough 
reaches (which Experience however does), that adhering Mar- 
bles, though with extraordinary difficulty, may be forcibly ſe- 
ver'd, and according to him the ſuperficial parrs may be diftend- 
ed into a Funicelws, thit prevents a Vacuum. 

But now the Hypotheſis of his Adyerſaries is not at all incum- 
bred with this difficulty. For the weight of the outward Air 
being that which keeps liquors ſuſpended in Tubes ſealed ar the 
top; it matters not of what nature or texture the ſuſpended li- 
quor is, provided irs weight be the ſame with that of a Mercurial 
Cylinder equiponderant to the Aerial one : As if there be a 
pound of Lead in one Scale, it will not deſtroy the equilibrium, 
whether what be pur in the other be Gold, or Quick(ilyer, or 
Wooll, or Feathers, provided its weight be juſt a pound, 

In the next place we may take notice, That the account our 
Examiner gives us of his Funicaslws in the tenth Chaprer, (where 
he cakes upon him to explicace ic) is much more ſtrange then (a- 
tisfaRory, and not made our by any ſuch parallel operations of 
Nature, as his Adverſaries will not (and may not well do it) dif- 
pute the truth of, Whereas the Weight and Spring of rhe Air 
may be inferr'd from ſnch unqueſtion'd Experiments as are not 
concern'd in our preſent Controverfie. For the gravity of the Air 
may be manifeſted by a pair of Scales,8& the Spring of it diſcloſes 
it ſelf ſo clearly in wind-guns and other Inſtruments,that ourAd- 
verſary (as we have already had occafion to inculcate) does not 
deny it. But co conſider his Explication of his — 
wo 


29 | 
would haye ns note two things : Firſt, Argem/om dom 
replet totum tubum, non mere taugere ejaw ſummitatem (uw © ff 
primo aſpetin widetur ) ſed eidem guog,; firmiter adherere. Patitt-hoc 
(ſobj »yns he) experimento illo in primo argumenta capitus tertti de 
tubo #trinq; aperte.But what is tobe anſwer d to this proof may be 
eafily gathered trom what we have replyed co that Argument, 
And to what our Author addes to prove, That the adheſion of 
the Finger 15 to the ſubjacent Mercsvy, not to the Tube z namely, 
That Lzcet tHind twbi orificium oleo, altave materia adhe- 

onem impediente, inungatur, won mivnus tamen firmiter 
adberebit digitus quam privs , an Anſwer may be: drawn from 
the ſame place: nor perhaps will his reaſoning much ſatisfie 
thoſe who conſider that bodies by truſion may eafily enough be 
made ſtick together, as much as in our cafe the Tube and Fin- 
ger do, notwithſtanding one of them is anoynted with Oyle, and 
that this Adhefion of the Finger to the Tube is ro be met wich 
in caſes where the Surface of the included Quickſilver is nor 
contiguous to the Finger, but many Inches below. As for whar 
he addes concerning the reaſon why Water and Quaickfityer a(- 
cend by ſuction, we have already taughre what is to be anſwered 
to it, by aſcribing char aſcenſton-to the preſſure of the external 
Air: withour any need of having recourſe to 2 Fentculus;, or 
imagining with him in this place, That becauſe nothing beſides 
the Water or Quickfilver can. in ſuch caſes ſucceed the Air, 
(which yer is not eafie ro be prov'd in reference to a thin Ethere- 
al ſubſtance) therefore, Partes ipſrus atri (to ute his ex- 
preſſion) ſic tubo incluſe (que altas tam facile ſeparantws) 
nunc tam fortiter fibi invicem aggtutinentur, ut validifiimum (uti 
videmwus) conficiunt catenam, que non ſolum aqua, ſed ponderoſum 
itlud argentum fic in altum trabatur, Which way af wreathing a 
little rarefied Air into fo ſtrong a rope, how probable ic is,I will 
for a while leave the Reader to judge, and advance to our Au- 
thor's ſecond Netandum, which he thus Propoſes : 
Rarefattionem ſive extenſionem corports ad occupan- 
dum majorerms locum fieri non (ols calore, ſed etiam diſ- 
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tenſione ſea 1 divulſiva : ſicut d contra condenſatio non ſolo frigore 
perficitur, ſed etiam compreſſione, uti innumera paſiim docent exem- 
pla; And'tis true and obvious, that the Condenſation of be- 
dies, taking that word ina large ſenſe, may be made as well by 
.comprefſion as cold; But I wiſh he had more clearly expreſt 
wharhe means in this-place by that RaretaRion, which he ayes 
is.co be made by diſtenſion, or a vis divelſiva, whereof he tells 
us there are innamerable inſtances. For, as far as may be ga- 
thered from the three Examples he ſubjoyns, 'tis onely the Air 
that is capable of being ſo: extended as his Hypotheſss requires 
Quickkilver and even Stones muſt be. And 1 know not how it 
will be proved, that even Air may be thus extended ſo far, as in 
the Magdeburg Experiment, to fill a place more then two thou- 
ſand times as big as chat it fill'd betore. For that the ſame Air 
in this and his two foregoing Inſtances does adequarely fill more 
ſpace at one time then another, he proves but by the ruſbiog in 
of water into the evacuated Glaſs, and filling it within a little 
quite full, which, he ſayes, is done by the diſtended Air that con- 
trating ic ſelf draws up the water with it. Which Explication 
bow much leſs likely ir is, then that the water is in ſuch caſes im- 
pell'd up by the preſſure of che Atmoſphere , we ſhall anon 
(when we come to diſcuſs his way of RarefaRion and Condenſi- 
tion) have occaſion to examine. Inthe mean time ler us conſi- 
der with him che Explication which, after having premis'd the 
two above-reciced Obſeryations, he gives us of his F#niculw ; 
Cum per primum Notandum argentum ita adhereat tubi 
veriics, & per (ecundum , rarefattio fiat per meram 
corports diflenſionem, ta rem ſe habere, ut argentum deſcendens 4 
wvertice tubi affixam ei relinquat [uperficiem ſuam extimam ſyve ſu- 
premam, eamg; eouſq; ſno pondere extendat extenuetque, donec faci- 
lizs fit aliam ſuperficiem ſimiliter relinquere quam priorem illam ul- 
teriue extendire : Secundam igitur relinquit, camq; eodem modo de- 
ſcendendo extendit, donec facilius ſit tertiam adhuc ſeparari quam il- 
law ſecundam extendere ulterius : &5 fic deinceps, donec tandem vis 
res amplius now habeat ſuper ficies ſic ſeparand! & extendendi, nempe 
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dantc perveniat ad altitudinem digitorum duntaxat 29. ubi quie- 
ſeit, ut capite primo dictum eit, Thus far our Examiners Expli- 
cation: By which 'tis eafte to diſcern, that he is fain ro affine 
his Funiculws a way of being produc'd ſtrange and unparallell'd 
enough. For, not to repeat our Animadverfions upon the firſt 
of the two Notandum's, on which the Explication is grounded, I 
muſt demand by what force, upon the bare ſeparation of the 
Quickſilver and the top of the Tube, the new body he mentions 
comes to be produc'd; or at leaſt how it appears that the' Mer- 
cory leaves any ſuch thing 2s he ſpeaks ot behind it. For the 
ſenſe perceives no ſuch matter at the top of the Tube, nor is it 
neceſſiry to explicate the Phenomena as we have formerly ſcen; 
Ic may alſo be marvell'd at, that the bare weight of the deſcend- 

ing Mercury ſhould be able co extend a Surface into a Body. 
And beſides, it ſeems precariouſly affirm'd , that there is ſuch a 

ſucceſſive leaving behind of one Surface after another as is here 

jimagin'd : Nor does it at all appear how, though ſome of the 

Quickſilver were turn'd into a thin ſabtile ſubſtance, yet thar 

ſubſtance comes to be contriv'd intoa Funiculws of (o ſtrange a 

nacuce, that ſcarce--any weight (for ought appears by bis Do- 

Qrine) can be able to break it z that contrary to all other 

ſtrings it may be ſtretched without being made more ſlender ; 

2nd that ir has other very odde properties, ſome. of which we 

ſhall anon have occaſion to mention. ' As tor what our Author 

{ub joynes in theſe words, Eodem itaq; fere mods ſepa- 

rari videntur he ſuperficies ab argento deſcendente, & P2B- 43244: 

ip tenuiſiimum quendam per deſcendens ponds extendi, quo fer car 

lorem in accenſa candela ſeparantur hujuſmodi ſuperficies ſnbjeFa 

cera aut ſee, & in ſubtiliſicrmam flammam-extenuantur, Ubi notats 

dignum, quemadmodum flamma il/a pluſquam millies ſine dubio ma- 

Jus ſpatium occupat, quam antea occupaverat pars illa cya ex qua 

conficitur ; ita pror[us & hic exiſlimandum Funiculum illum pluſ- 

quam millies majus ſpatium occupare quam Prins occupaverat illa-. 
argent particula ex qua ſit exortus : Uti etiam ſine dubig contingit, 
quando tals particula 4 ſubjecto igne in wvaporem convertitur. 
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Though it be the onely Example whereby he endeavours toil- 

luſtrate the generation of his F#nicelas, yet (I preſume) he ſcarce 
expects we ſhould think ic an appolite one. For, beſides thar 
there here intervenes a conſpicuqus and powerful Agent, name- 
ly, an actual Fire to ſever and agicate the parts of the Candle; 
2nd befides that there is a maniteſt waſting of the Wax or Tal- 
low turn'd into flame z beſides theſe things, Ifay, we muſt not 
admir, that che Fuel when tarn'd into a flame does really fill (1 
ſay not, with our Author) more then a thouſand times, bur ſo 

much as twice more of genuine ſpace then the Wax 'twas made 
of, Forit may be ſaid that the flame is little or nothing elſe 

then an aggregare of thoſe Corpulcles. which before lay upon 

the upper ſuperficies of the Candle, and by the violent keat were 

d vided into minuter particles, vehemently agitated and brought 

from lying as it were upon a flat to beat off one another, and 

make up about the Wiek ſuch a figure as is uſual in the lame of 

Candles burning in the free Air. Nor will it neceſſarily follow, 

that the ſpace which the flame ſeems ro cake up ſhould contain 

neither Air nor «£ther, nor any thing elſe, (ave the parts of that 

flame, becauſe rhe eyecagnor diſcern any other body there : For 

even the ſmoke aſcending from the ſnuff of a newly- extinguiſh'd 

Candle appears a dark pillar, which to the eye at ſome diſtance 

ſeems to confiſt of ſmoke z whenas yet chere are ſo many Aetri- 

al and other inviſible Corpuſcles mingled with ic, as if all choſe 

parts of ſmoke that make a great ſhow in the Air were colle&- 

ed and contiguous, they would not perhaps amount to the big- 

nels of a Pins head : as may appear by the great quantity of 

ſteams that in Chymical Veſſels are wont to go to the making 

'up of one drop of Spiric, And therefore it. does nor ill fall ouc 
for our turn, that the Ex:miner, to inforce his former Example, 

alledges the curning of a particle of Quickſilver into yapour, by 

utting fire under it: for it ſuch be the RarefaRion. of Merewy, 

- *ris not at all like ro make ſuch a Funiculas as he talks of, fince 
thoſe Mercurial Fumes appear by divers Experiments, to be 
Mercury divided and thrown abroad into minute parts, — 
though 
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though the body obtain more of Surface then it had before, 
yet it really fills no more of true and genuine ſpace, fince if all 
the particular lirtie ſpaces fill'd by theſe ſcatter'd Corpulcles 
were reduc'd into one, (as the Corpuſcles themſelves often are 
in Chymical Operations) they would amount but to one total 
ſpace, equal to that of the whole Mercury before rarefaRion. But 
theſe ObjeRions againſt this Explication are not all that I have 
to ſay againſt our Adverſaries Funiculw it (elf. 

For I farther demand how the Funics/me comes by ſach hooks 
or graple-irons, or parts of the like ſhape, to take faſt hold of all 
contiguous bodies, and even the ſmootheſt, ſuch as Glaſs, and 
the calm ſurfaces of Quickſilver, Water, Oyle, and other flgids : 
And how theſe flender and invifible hooks cannot onely in the 
terſeſt bodies find an innumerable company of ears or loops to 
take hold on, but hold ſo ſtrongly that they are able not alone to 
lift up a tall Cylinder of that very ponderous metall of Quickſil- 
ver, but ro draw inwards the fices of ſtrong Glaſſes ſo forcibly, 
as to break them all co pieces. And 'tis alſo ſomewhat ſtrange, 
that Water and other fluid bodies (whoſe parts are wont to be ſo 
eaſily ſeparable)ſhould, when the F#nice/me once layes bold on the 
ſuperficial Corpuſcles, preſemly emulate the nature of canft- 
ſtent bodies, and be drawn up like Maſſes each of them of an in- 
tire piece ; though even in the exhauſted Receiver they appear 
by their undulation (when they are ſtir'd by Bubbles that paſs 
_ through them) and many other ſigns co continue fluid 

ies. 

It ſeems alſo very difficult to conceive how this extenuated 
ſubſtance ſhould acquire ſo ſtrong a ſpring inward as the Exami- 
ner all along his book aſcribes to it. Nor will ic ſerve his turn 
torequire of us in exchange an Explication of the Airs ſpring 
oueward, ſince he acknowledges, as well as we, that ic has ſuch a 
ſpring. I know, that by calling this extenuated ſubſtance a F#+ 
niculus, he ſeems plainly to intimate thar ir has its ſpring in- 
ward, upon the ſame account that Luce-ſtrings and Ropes for- 
cibly Rretch'd baye theirs. Bur there is no (mall diſparicy be- 

ee twixt 
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twixt them : for whereas in ſtrings there is requir'd either wrea- 
thing, or ſome peculiar and artificial texture of the component 
parts; ararefation of Air (were it granted) does not include or 
infer any ſuch contrivance of parts as is requiſite to make bodies 
Elaſtical. And if the Car/efian Notion of the cauſe of Springi- 
neſs be admitred, then our extenuated ſubſtance having no Pores 
to be pervaded by the materis ſubtilis (to which befides our An- 
thor alſo makes Glaſs impervious) will be deſtitute of Springi- 
neſs, And however, fince Luce-ftrings, Ropes, 8c. muſt, when 
ehey ſhrink inwards, either fill up or lefſen their Pores, and in- 
creaſein thickneſs as they diminith in length ; our Examiners 
Faniculws muſt differ very much from them, fince ic has no 
Pores to receive the ſhrinking parts, and contracts it ſelf as to 
tength, withour increaſing its thickneſs. Nor can ic well be pre- 
rended that this felf- contraQtion 15 done ob fugam wacut, fince 
though it ſhould not be made, 3 Yacuwm would not enfue, And 
if it be ſaid thar ic is made that the precernaturally ſtretch'd 
body might reſtore it ſelt co its natural dimenftons : 1 anſwer, 
That I am not very forward to allow aRing for ends to bodies 
inanimate, and conſequently devoid of knowledge ; and there- 
fore ſhould gladly fee fome unqueſtionable Examples produc'd 
of Operations of that nature. And however to me, who in 
Phyfical enquiries of this nature look for efftcient rather then 
final cauſcs, 'ris not ealie toconceive how Air by being expanded 
(in which caſe irs force (like char of other rarify'd bodies ) ſeems 
principally to tend outwards, as we ſee in fired Gun-powderyin 
A 6hipiles, in warm'd Weather-glafles, &c.) ſhould acquire ſo 
prodigions 2 force of moving contiguous bodies inwards, Nor 
does ir to me ſeem very probable, thar, when for inſtance part of 
a poliſh'd Marble is extended into a Fanicalm, that Faniculw 
Coes ſo ftrongly aſpire to turn inro M2rble again. TI might like- 
wife with our Author had more clearly explicated, how it comes 
ropaſs (which he all along rakes for granred) chat the acceſs of 
the ofrward Air does ſo much and fo ſuddenly relax the tenfion 
of his Funiculws 3; ſince that being (according co him) areal and 
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Poreleſs body, 'tis not ſo obvious how the preſence of another 
can ſo eaſily and to ſo ſtrange a degree make it ſhrink. But1 
will rather obſerve, that'tis very unlikely that the ſpace which 
our Adverſary would have repleniſh'd wich his Fenicular ſub- 
ſtance, ſhould be tull of lictle highly- tgerche ſtrings, chat lay faſt 
hold of the Surfaces of all contiguous bodies, and alwayes vio- 
lencly endeavour to pull them inwards. For we have related in 
our 26, Experimear, that a Pendulum being ſet a moving in our 
exhauſted Receiver, did ſwing to and froas freely, and with the 
ſtring trerch'd as Rreighe, as for ought we could perceive it 
would have done in the common Air, Nay, the Balance of a 
Watch did there move freely and nimbly to and fro; which 'tis 
hard to conceive thoſe bodies could do, if they were to break 
through a medium confiſting of innumerable exceedingly- 
ſtrerch'd ſtrings. On which occalion we might adde, that 'tis 
ſomewhat ſtrange chat theſe ſtrings, thus cur or broken by the 
paſſage of theſe bodies through them, could fo readily have 
cheir parts re-united, and without any more ado be made intire 
2g2in. And we might alſo take notice of this as another ſtrange 
peculiarity in our Authors F#niculws, Thar in this caſe the two 
divided parts of each ſmall ſtring that is broken do nor, like 
thoſe of other broken ſtrings, ſhrink and ly back from one ano- 
ther ; but (as we juſt now ſaid) immediately redintegrate them- 
ſelves: Whereas, when in the Torrice/ian Experiment the Tube 
and contain'd Mercury is ſuddenly lifred np ont of the reſtagnant 
Quickſilver into the Air, the Funicu/as does fo ſtrangely con- 
tra& ic (elf, that it quite vaniſhes , inſomuch that the aſcendin 
Mercary may riſe to the very top of the Tube, Theſe, I fay, 
and divers other difficulties might on this occaſion be inſiſted 
on; but thar, ſuppoſing our ſelves to have mentioned enough 
of them for once, we think it now moreſeaſonable to proceed to 
the remaining Part of our Diſcourſe, 
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The Ariſtotelean RarefaCtion ( propoſed by the 
Adverſary ) examin'd. 


Ute this is notall that renders the Examiners Hypotheſis im. 
47probable : For, beſides thoſe already mentioned particulars, 
upon whoſe ſcore it is very difficult to be #nderſtood; it neceſſa- 
rily ſuppoſes ſuch a RarefaRion and Condenſation, as is, I con- 
feſs, ro me, as well as to many other conſidering perſons, «nin- 
_— ; 

ot the better diſcerameat of the force of this ObjeRion we 
maſt briefly premiſe, That a body is commonly ſaid co be rare - 
fid or dilared, (for I take the word in a Jarger ſcnſe then, I know, 
many others do, for areaſun that will quickly appear) whea ir 
acquires greater dimenſions then the ſame body had before z and 
to be condens'd, whea it is reduc'd into leſs dimenſions, thar is, 
into a leſſer ſpace rhen ic contain'd before : (as when a dry 
Spunge being firſt dipp'd in water ſwells co a far greater bulk, 
and chen being ſtrongly ſqueez'd and held comprefſed, is nor 
onely reduced into leſs room then it had before it was ſqueezed, 
bur 1ato leſs then ic had even before it was wetted.) And1I 
moſt further premiſe, That RarefaRion (as alſo Condenſation) 
being among the moſt obvious Phenomene of Nature, there are 
three (2nd for ought we know but three) wayes of. explicacing 
it: For, either we muſt ſay with che Acomiſts and Vacuilts, 
thar the Corpuſcles whereof the rarefied body conſiſts do ſo 
deparr from each other, that no other ſubſtance comes.in be- 
rween.them to fill up che deſerted (paces thar come to be left 
betwixt the incontiguous Corpuſcles z or elſe we muſt ſay with 
divers of the ancient Philoſophers, and many of the moderns, 
eſpecially the Carteſians, that theſe new Intervals peoduced be- 
ewixt the Particles of che rarxefied body are bu dilated Pores, re- 
| plenithed 
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pleniſhed,in like manner as thoſe of the tumid Spunge are by the 
imbibed water, by ſome ſubtile Achereal ſabſtance, rhac infinu- 
ares it ſelf betwixr the dis}oyned Particles: or, laſtly, we muſt 
imagine with Ariſftorle and moſt ot his followers, that the (elt- 
ſame body does not onely obtain a greater fpace in RarefaQion, 
and a lefſer in Condenſation, but adequately and ex3cly fil zr,and 
ſo when rarefied acquires larger dimenſions wichour either lea- 
ving any vacuities betwixt its component Corpulcles, or admit- 
ting berween them any new or extraneous ſubſtance whatſoever, 

Now 'tis to this laſt (and, as ſome call it, rigor0ws) way of Ra- 
refation that our Adverſary has recourſe in his Hyperhefis - 
Though this, I confeſs, appear co me fo difficult to be concei- 
ved, that I make a doubt whether any Phenomenon can be explai- 
ned by it ; fince to explain a thing is to deduce it from ſomething 
or other in Nature more known then it (elf, 

He that would meer with full Diſcuſſions of this Ariſftetelean 
RarefaRion, may reſort to the learned writings of Gaſſendus, Car- 
teſivs and Maignan, who have accufed it of divers great abſurdi- 
ties: Bur for my part, I (hall at preſenc content my ſelf ro make 
uſe to my perpoſe of rwo or three paſſages that I meer wich 
(though not rogerher) in our Auchor himſelf. 

Ler us then ſuppoſe, that in che Magdeburg Experiment he 
ſooften (though I think cauſleſly enough) urges to prove h's 
Hypoth: fis z, let us (I ſay) for eafier conſiderations ſake ſuppole, 
char the vndilated Air, which (as ke tells us) poſſeſſed 
about balf an Inch'of ſpace, conſiſted of a hundred Cor- **# #*: 
puſcles, or (if chat name be in this caſe difliked} a hundred 
parts z (for it matters not what namber we pirch-upon) and *ewill 
not be denyed, but chat as che whole parcel of Air, or the Aggre- 
gate Of this hundred Corpaſcles, is adequate to che whole ſpace 
it fills, ſo each of the hundred parts, that make ir up, is likewiſe 
adequately. commenſurate to its peculiar ſpace, which we here 
ſuppoſe to be a hundredth part of the whole ſpace, This premi- 
ſed, our Author having elſewhere this paſſage, Corpo- 
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ut-quaiibet ejws pars locum quoqz duple majorem occupet z prompts 
us to ſubjoyn, that in the whole capacity of the Globe (which 
according to him was two thouſand times as great as the room 
poſleſied by the unexpanded Air) there muſt likewiſe be two 
hundred thouſand parts of ſpace commenſurate each of them to 
one of the fore- mentioned hundredth parts of Air 5 and conle- 
quently, when he affirms that that half Inch of Air poſſeſled the 
whote cavity of the Globe, if we will not admit (as he does not) 
either Vacuities or ſome intervening ſubtile ſubſtance in the 
Interval of the Aeriall parts, he muſt give as leave to con- 
clude, that each part of Air does adequarely fill ewo tbou- 
ſand parts of ſpace, Now that this ſhould be reſolutely 
taught to be not onely #«trafy poſſible, (for we diſpute not bere 
of what the Divine Omniporence can do) but to be really and 
regularly done in this Magdeburg Experiment, will queſtionleſs 
appear.very 4bſurd to the Carteſians and thoſe other Philoſophers, 
who takeExtenſion to be but notionally different from Body,and 
conſequently impoſſible to be acquir'd or loſt without the addiri- 
on or detraRion of Matter, and will,I doubt not,appear ſtrange to 
thoſe other Readers, who conſider how generally Naturaliſts 
have looked upon Extenſion as inſeparable, and as immediately 
flowing from matterz & upon Bodies,as baving neceſſary relation 
to 2 commenſurate ſpace. Nor do I lee, if one portion of Air 
may ſo eaſily be brought exactly to fill up a ſpace two thouſand 
times as big as that which ic did but fill before without the addi- 
tion of any new ſubſtance ; I ſee not (I ſay) why the matter con- 
rained in every of theſe two thouſand parts of ſpace may not be 
further brought co fill ewothouſand more, and ſo onwards, ſince 
each of cheſe newly- replen ſhed ſpaces is preſumed to be exactly 
filled with Body, and no ſpace, nor conſequently that which the 
unrarefied Air repleniſhed, can be more then adequately full. 
And ince, according to our Adverſary, not onely fluid bodies, 
as Air and Quickfilyer, but even ſolid and hard ones, as Marble, 
are Capable ot ſuch a Diſtenfion as we ſpeak of, why may not the 

World be made I know not how many thouſand times bigger 
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then it is, without either admicring any thing of Vacuity betwixt 
its parts, Or being increaſed with the addition of one Atome of 
new matcer © Which to me is ſo difficult ro conceive, that I hive 
ſometimes doubted, whether in caſe it could be proved, that in 
the exhauſted (Globe we (peak of there were no Vacuities with. 
in, nor any ſubtile matter perm tted to enter from withour, it 
were not more intelligible ro ſuppoſe that God had created 2 
new matter to Joyn with che Air in filling up che Cavity, then 
char the ſelf-ſame Air ſhould adequrtely fill ewo thouſand ſpaces, 
whereof one was exaaly commenſurate to ir even when it was 
uncompreſſed, For divers eminent Naturaliſts, both ancient 
and modern, believing upon a Phyfical account the Souls of men 
to be creared and infuſed, will admir it as intelligible that God 
does frequently create ſubſtances on certain emergent occaſions. 
But I know that many of them will not likewiſe chink it concei- 
yable, that without his immediate interpofition an acceffion of 
new, real Dimenſions ſhould be had without either vacuities or 
acceſhon of matter. 

And indeed when I conſidered theſe difficulries and others, 
thar attend the RarefaQRion our Examiner throughout his whole 
book ſappoſes , and when found that ever and anon he remirs 
us to what he teaches concerning RarefaRion z I could not bne 
with ſome greedine(s refort to the Chapters he addreſſed me to. 
But when 1 had pernſed them, I found che Difficulties remained 
fech tilt, and char *twas very hard even for a witty man to make 
more of a ſabjeR then the nature of ic does bear, Which 1 ſay, 
chat by profeſſing my ſelf unſatisfied wich what he writes, I may 
not be thought to find faule with a man for nor doing whar per - 
haps is not to be done, and for not making ſuch abſtruſe Notions 
plain, as are ſcarcely (if at all) ſo much as intelligible.. And in- 
deed as he has handled this ſubjet modeſtly enough, ſo in ſome 
places his Expreſſions are to me ſomewhat dark z which I men- 
tion, not to impute it as a Crime in him, that he wrote in a diffi- 
dent and doubrtul ſtrain of ſo difficult a matter, but ro excuſe my 
ſelf if I have not alwayes guefled aright at his meaning. | 

The- 


The things he alledges in favour of the RarefaRion be would 
perſwadce are two: The one, That the Phenomena of RarefaRion 
cannot be explicated eicher by Vacuities or the (ſubingreſſion of 
an Athereal ſubſtance; and the otber, That there are two wayes 
of explicating the rigorous RarefaRtion he contends far, 

His ObjeRions againſt the Epicurean and Carteſian wayes of 
making ont RarefaRion are ſome of them more plauſible then 
moſt of thoſe that are wont to be urged againſt them, yet nct 
ſuch as are not capable enough of Anſwers. But whileſt ſome 
of the paſſages appeared eafte to be replyed to by the Fayou- 
rers of the Hypotheſis they oppoſe, before I had fully examined 
the reſt, chancing to mention theſe Chapters to an ingenious 
Mzn, hereatter to be further mentioned ia this Treatiſe, he told 
me he had ſo far conſidered them more chen the reſt of the 
book, that he had thonght upon ſome Hypotheſes, whereby the 
Phenomena of RarefaRtion might be made our either according 
co the Vacuiſts, or according to the Carteſiens, adding, that he 
had alſoex3mined the Inſtance our Adverlary pretends to be af- 
forded him of his RarefaRion by what happens in the Rats Avri- 
Fotelica. Wherefore being ſufficiently diſtreſſed by Avocations 
ot feveral ſorts, and being willing to reſerve the Declaration of 
my own thoughts concerning the manner of RarefaRtion and 
Condenſation for another Treatiſe, I ſhall refer the Reader to 
the ingenious ConjeRures about this ſubjeR,-which the writer 
of them intends to annex to the preſent Diſcourſe 5 and onely 
adde in general, That whereas the Examiners Argument on this 
occafion is, That his way of RarefaQtion muſt be .admitted, be- 
cauſe neither of th= other two can be well. made out, his Advyer- 
faries may with the ſame reaſon argue that one of theirs is ro be 
allowed, ſince bis is incumbred with ſuch manifeſt difficulties, 
And they may enforce what they ſay by repreſenting, that the 
inconveniences that attend his Hypotheſis about RarefaRion are 
inſuperable, ariſing from che unincelligible nature of the thing 
ic ſelt z whereas thoſe to which the other wayes are obnoxious, 
may ſeem to ſpring but from mens not having yet diſcovered 
what 
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what kind of Figures and Motions of the (mall Particles may 
beſt qualifie them to make the body that conſiſts of them ca- 
pable of a competent expanſion, 

After our Authors ObjeRions againſt che two wayes of Rare- 
fation propoſed, the one by the Yacvifts, and the other by the 
Carteſians and others, that admit the folideſt bodies, and even 
Glaſs it ſelf, to be pervious to an Athereal or ſubtile matrer 
he attempts to explicate the manner by which chat rigorous Ra- 
retaRtion he teaches is perform'd: and having premiſed, that 
the Explication of the way how each part of the rarefy'd body 
becomes extended, depends upon the quality of che parts into 
which the body is ultimately reſolv'd z and having truly ob- 
ſery'd, that they muſt neceſſarily be eicher really indiviſible, or 
ſill endleſly diviſible z he endeayours to explicate the Arifo- 
jelean Rarefation according to thoſe two Hypotheſes. Bur, 
though he thus propoſe ewo wayes of making our his RarefaRi- 
on; yet beſides that they are irreconcilable, he ſpeaks of them ſo 
darkly and doubtfully, that it ſeems leſs eafie to diſcern which 
of the two he would be content to ſick to, then that he himſelf 
ſcarce acquieſces in either of them, 

And, firſt, having-rold us how RarefaQtion may be explain'd, 
in caſe we admit bodies to be diviſible i» infinitum, be does him - 
ſelf make ſuch an ObjeRion againſt the infinity of parts in a cox- 
tinuwm, a5 he is fainto give ſo obſcure an Anſwer to, that I con- 
fels I do not underſtand ir; and preſume, that not onely the 
moſt part of unprejudiced Readers will as little acquieſce in the 
Anſwer as I do; but even the Author himſelt wilt not maryel 
at my confeſſion, fince in the ſame place he acknowledges the 
Anſwer to be ſomewhat obſcure, and endeavours to excuſe its 
being ſo, becauſe in that Hypotheſis it can ſcarce be other- 
wiſe. 

Wherefore I ſhall onely adde on this occafion, that 'ris not 
clear to me, that even ſuch a diviſibility of a contixuum as is here 
ſuppoſed would make out the RarefaRion he contends for. For, 
ler the integrant parts of a continuum be more or leſs finite or 
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infinite in number, yet Rill each part, being a corporeal ſab- 
ſtance, muſt bave ſome Particle of ſpace commenſurate to itz 
and it the whole body be rarefied, for inſtance, to twice irs for- 
mer bigneſs, then will each parc be likewiſe extended to double 
irs former dimenſions, and fill both the place it took up before, 
and another equal to it, and ſo two places, 

The ſecon4 Argument alledged ro recommend the hitherto- 
mentioned way of explicating RarefaRion is, That many learned 
men, amongſt whom he names two, Aquinas and Suarez, have 
caught char the ſame corporeal ching may naturally be, and de 
fa#o often is, in the ſouls of Brutes really indivifible and virty- 
ally extended, But, though I pay thoſe wwo Aurhors a juſt re- 
ſpe& for their great Skill in Scholaſtica! and Meraphyfical lear- 
ning; yet the Examiner cagnot ignore, tbat I could make along 
Catalogue of Writers, both ancienc and modern, at leaſt as well 
vers'd in aacural Philoſophy as St. Thomas and Swarez, who have 
ſome of them in expreſs words denyed this to be naturally pofſ- 
ble z and others have declared themſelves of the ſame jadgment 
by eſtabliſhing principles, with which this Conceit of the virtual 
extenſion of the indiviſible Corpulcles is abſolutely inconſiſtent. 
And though no Author had hitherto oppoſed it, yer l, that diſ- 
pute not what ths or 544: man thought, but what 'tis rational co 
think,ſhould nevertheleſs not ſcruple to rejeR it now ; and ſhou'd 
not doubt to find tore of the beſt Naturaliſts of the ſame opini- 
on with me, and perhaps among them the Examiner himſelf, 
who (however this acknowledgment may agree with the three 
following Chapters of his book) tells us, (p4g.160.) that Fuxts 

probabiliorem ſententiam huju[modi virtualis extenſio ret Corpores 
concedenda non «ft, utpote ſoli rei ſpirituali propria. 

Bac to conclude at length this redious Enquiry into the Ari- 
ftlotelean way of RaretaRion, (which is of ſo obſcure a nature that 
it caf ſcarce be either propoſed or examined in few words) I will 
aor'take upon ime reſolutely to affirm which of the two wayes of 
explicating it (by Atomes or by Parts infinitely diviſible) our 
Author declares himſelt for. Baur which of them ſoever ic be, 
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| chink L have ſhown that he has nor iatelligibly made ic out t 
And I make the leſs (cruple rodo (o, becauſe he himſelf is ſo ia- 
genuous as (ar the clole of his diſcourſe of the two wayes) to 
(peak thus of the Opinion he prefers; Preftat communi 
& recepte hattenus in Schols ſententia inſiſtere, que li- 
ces dif ficultates quidem non clart ſolvat, tis tamen aperte non ſuc- 
cumbit, So that in this diſcourſe of RarefaRion, to which our 
Author has (o often in the fore-going part of the Book referred 
as, as that which ſhould make good what there ſeemed the moſt 
improbable z he has bur inſtead of a probable Hypotheſss need- 
leſly rejeRted,ſlubſticured a DoQrine which himſelt dares nor pre- 
rend cap3ble of being well freed from che difficulties with which 
ic may be charged; though I doubt not but other Readers, eſpe- 
cially Naturaliſts, will think he has been very civil co this obſcure 
Do&tine, in ſaying that Difficeltatibus nov aperte ſuccumbit. 

As for the other way of explicating RaretaQion, nimely, by 
ſuppoſing that a body 15 made up of parts igdiviſible ; -he will 
not, I preſume, deny, bur that the ObjeRions we formerly made 
againſt it are weighty. For according to this Hypotheſis (which 
ane would think he prefers, fince he makes uſe of ic in the three 
or four laſt Chapters of his Book) Neceſſario fatendum 
eſt (ayes he) unam eandemq; partem poxt in duplict "ag. 363: 
loco adequate : Cum enim indiviſibilis fit, locumq; occupet majorem 
quam pris, nect(ſe eſt ut tota ſit in quolibet punito totins laci, ſave ut 
per totums illud ſþatium wirtualiter extendatur. So that when he 
in the very nexc page affirms, that by this virtual extenſion of 
the parts, the Difficulties chat have tor ſo many Ages troubled 
Philoſophers may be eaſily ſolved, he muſt give me leave (who 
love to ſpeak incelligibly, and nor to admit what I cannot #nder- 
ſtand) to deſire he would explain to me what this extenſio virts- 
alis is, and how it will remove the Difficulties that 1 formerly 
charged upon the Ariſtotelean Rarefation. For the eaſier confi- 
deration of this matter, let us reſume what we lately ſuppoſed, 
namely, that ia the Agdeburgick Experiment the half Inch of 
undilated Air conſiſted of a —_ ; Idemand how 
ft 2 the 
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the indivifibility of theſe Corpuſcles will qualifie them to make 
out ſuch a RarefaQtion-as the Author imagines, For what does 
their being indiviſible doin this caſe, but make it the leſs intelli- 
gible how they can fill above a hundred parts of ſpace ? 'Tis 
eaſe ro fore-ſee he will anſwer, That they are virtually extend- 
ed. But not here to queſtion how their indiviſibility makes them 
capable of being ſoz I demand, whether by an Acoms being vir- 
rually extended, its corporeal ſubſtance do really (I mean ade- 
quately) fill more ſpace then ir did before, or whether ic do nat : 
(tor one of the two isneceſſiry,) If it do, then 'tis a true and 
real, and not barely a virtual extenſion. And that ſuch an ex- 
tenſion will not ſerve the turn, what we have formerly argued 
againſt the Peripaterick RarefaRion will evince z and our Adver- 
ſary ſeems.to confe(s as much, by deviſing this virtual extenſion 
to avoid the inconveniences to which he ſaw his Dofrine of Ra- 
refaRion would otherwiſe plainly appear expos'd. Bur if it be 
ſaid, Thit when an Arome is virtually extended, its corporeal 
ſabſtance fills no more ſpace then before : This is but a Verbal 
fhifr, that may perhaps amuſe an unwary Reader, but it will 
{carce ſatisfie a conſidering one. For I demand how that which 
is not 2 ſubſtance can fill place ; and how this improper and bur 
Metaphorical Extenſion will ſalve the Phenomena of Rareta- 
Qion : as how the half Inch of Air at the top of the fore- menti- 
oned Globe ſhall without a corporeal extenfion fill the whole 
Globe of two thouſand times its bigneſs when the water is 
ſuck'd out of it, and aR at the lower part of the Globe, 
Which laſt Clauſe I theretore adde, becauſe not onely our Au- 
thor teaches (pag.91, & 92.) that the whole Globe was filled 
with a certain thin ſubſtance, which by its contraCtton violently 
ſaacch'd up the water into which the neck of the Glaſs was im- 
mers'd; but ina parallel caſe he makes it his grand Argument 
to prove; that there is no Yacuwm: in the deſerted part of the 
Fube in the Torricel[ian Experiment, That the attra- 
ion of the Finger cannot be pertormed but by ſome 
real body. Wherefore till the Examiner do intelligibly » 
plain 
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lain how a virtual Extenſion, as it is oppoſed to a corporeal, can 
make an Atome fill twice, nay, two thouſand times more ſpace 
then it did before; I ſuppoſe this device of virtual Extenſion 
will appear to unbiaſs'd Naturaliſts bur a very unſatisfaRory- 
evaſion. | 

Two Arguments indeed there are which our Adverſary offers 
as proofs ot what he reaches. The firſt is, That they commonly 
teach in the Schools, chart at leaſt divinitzs (as he ſpeakes) ſuch a 
thing as is pleaded for may be done, and that conſequently ic is 
not repugnanc to the nature ofa body. Bur, though they that 
either know me, or have read what I have wricten about mat- 
ters Theological, will, I hope, readily believe, that none is more 
willing to acknowledge and wenerate Divine Omniporencez yer 
ia ſome famous Schools they reach, thar ir is contrary to the na- 
ture of the thing. And that men who think (o, and conſequently 
look not upon it as an objet of Divine Omnipotence, may 
(whatever he here ſay) without 7mpiety be of a diflering mind 
from him abour the poſſibility of ſuch a RarefaRion as he would 
here have, our Author may perchance think fir to grant, if he re- 
member that he himſelf ſayes a few Pages atcer, Cum 
tempms ſit Ens eſſemialiter ſucceſivum, ita ut ne divint- Pag. 175, 
tus quidem peſſint due ejus partes ſimul exiitere, &c, Bur, not 
now to diſpute of a power that I am more willing to adore then 
queſtion, 1 ſay, that our Controverlie is not what Gpd can do, 
bur about what can be done by Natwral Agents, not elevared 
above the ſphere of Nature. For though God can both create 
and annihilate, yer N«twre can do neither: and in the judgment 
of true Philoſophers I ſuppoſe our Hypotheſes would need no 
other advantage to make it be preferred before our Adverſaries; 
then that in ours things are explicated by the ordinary courſe of 
"_ » Whereas in the other recourſe- muſt be had to- mi- 
racles. 

But thougb our Authors way: of explicating RarefaFion be 
thus improbable, yet I muſt nor here omit to take notice, that 
his Funiculus ſuppoles a Condenſation that to me appears-incum- 
bred: 


(46) _O 
bred with no leſs manifeſt difficulties. For, fince he teaches that 
a body may be condens'd with out either having any vacaities for 
the comprelt parts to retire into, or having Pores filled with any 
lubtile and yielding matter that may be ſqueez'd out of them. 
it will follow, chat the parcs of the body to be condens'd do im- 
mediately touch each other: which ſuppoſed, I demand how 
bodies that are already contiguous can- be broughc to farther 
Approximations without penetrating each other, at leaſt in ſome 
ot their parts. So thar I ſee not how the Examiners Conden- 
ſation can be pertorm'd without penetration of dimenſions. A 
thing that Philoſophers of all Ages have looked: upon as by no 
means to be admitted in Nature. And our Author himſelf 
ſpeaks ſomewhere at the ſame rate, where to the Queſtion, 
Why the walls that incloſe fired Gun-powder muſt be blown 
aſlunder £ Reſpondeo (ayes he) has omnia inat accidere, 
quod pulu ille fic accenſus & in flammam converſus, 
longe majus ſpatium nunc occupet quam prims, Unit fit, ut cum to- 
tum cubiculum antea fucrit 1 nag 06 Yu ſuc parietes, ne 
detur corporum penetratio, Inthe Magdeburgick Experiment he 
tells us (as we have heard already) that the whole capacity of the 
Globe is filled with an extremely-thia body. But not now to 
examine how properly he calls that a rare body, which according 
to him intercepts neitherPores nor any heterogeneous ſubſtance, 
the greater or leſſer abſence of which makes men call a body 
more or leſs denſe; not to infiſt on this, I ſay, let us conſider, 
that before the admiſſion of water into the exhauſted Globe 
there was, according to him, two thouſand half Inches of a ſub- 
ſtance, which, however it was p:oduc'd or got thicher, was a true 
and real body ; and that atter rhe admiſhon of the water there 
remained in the ſame Globe, beſides the water that came in, no 
more then one halt Inch of body, Since then our Author does 
not pretend (which if he did, might be eafily diſproved) that the 
one thouſand nine hundred ninecy nine halt Inches of Mactter, 
that now appear no more, traverſed the body of Water fince 
he will nor allow that ic gets away through the Pores —_ 
als, 
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Glaſs, I demand, what becomes of ſo great a quantity of Mt- 
ter? For that 'cis annihilaced I ſuppoſe he is too rational a man 
to pretend, (nor, if he ſhould, would it be ar all believ'd) and to 
ſay, that a thouſand and fo many hundred parts of Matter ſhould 
be retir'd into that one part of (pace thac contains the one half 
Inch of Air, is little leſs incredible : For that ſpace was {uppos'd 
perteRly tull of body before, and how a thing can be more then 
perfely tull, who can conceive ? To diſpatch : According to 
our Auchors way of Condenſation, two,or perhaps two thouſand, 
bodies may be crouded into a ſpace that is adequately fill'd by 
one of them apart, And if this be not Penetration of Dimen- 
fions, I defire to be informed whar is ſo, and till then I ſhall 
leave it to any unprepoſſeſs'd Naturaliſt to judge, whether an 
Hypotheſis that needs ſuppole a thing fo generally concluded to 
be impoſſible ro Nature, be probable or not; and whether to 
cell us chat the very ſame parcel of Air, that is now without vio- 
lence contain'd in half an Inch of ſpace, (hill by and by fill two 
chouſand times as'much room, and preſently after ſhrink again 
into the two thouſandth part of the ſpace it newly poſſeſs'd, be 
not'to turn a Body into a Spirit, and, confounding their Noti- 
ons, attribute to the former the diſcriminating and leaſt eaſily 
conceivable properties of the later, And this Argument is, 1 
confeſs, with me of that weight, chat this alone would keep me 
trom admitting the Examiners Hypotheſis : yer if any happier 
Contemplator ſhall prove ſo ſharp-fighted , as to deviſe an4 
clearly propoſe a way of making the RarefaRion and Condenſa- 
tion hicherco argued againſt, intelligible to me, he is not like to 
find me obſtinate. Nor indeed is there ſufficient cauſe why his 
ſucceeding in that attempt ſhoald make our Adverſaries Hypo- 
theſis preterrable to ours, fince that would not prove it either zc- 
ceſ[ary, or fo much as ſufficiznt, bur onely anſwer ſome of the Ar- 
guments that tend to prove 'tis not #ntefigible. And thar we 
bave other Arguments on our fide then thoſe that relate to Ra- 
zetaQion and Condenſation, may appezr partly by what has been 
dilcoars'd already, and partly by what we have now to — 
P.. 
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A Conſideration (pertinent to the preſent Controverſie)of what 
happens in trying the Torricellian and other Experi- 
ments, at the tops and feet of Hills. 


*T Here remain then yet a couple of Conſiderations to be op- 
pos'd againſt the Examiners Hypotheſis, which, though che 
paſt Diſcourſe may make them be look'd upon as needleſs, 
we muſt not pretermit, becauſe they contain ſuch Arguments as 
may not onely be imployed againſt our Adverſaries Doctrine, 
but will very much tend to the confirmation of ours. 
I conſider then furcher, that the Hyporheſis I am oppoſing, be- 
iog but a kind of Inverſion of ours, and ſappoſing the ſpring or 
motios of Reſtitution in the Air to tend inwards, as according to 
us it tends outwards z it cannot be, that it che ſappoſicion it ſelf 
were (what I think I have prov'd it is not) true, many of the Phe- 
n9mena would be plauſibly enough explicable by it: the ſame 
motions in an intermediate body being in many caſes producible 
alike, whether we ſuppoſe ir co be thruſt or drawn provided 
both the endeavours tend the ſame way. Bur then we may be 
ſatisfied whether the effe be to be aſcribed to Pallion or to 
TraRion, (as they commonly ſpeak, though indeed the later 
ſeems reducible to the former) if we can find out an Experi- 
ment wherein there is reaſon ſuch an effeR ſhould follow, in caſe 
Pulfion be the cauſe inquired after, and not in caſe it be TraRi- 
on. And ſuch an Experimentum Crucis (to ſpeak with our 14s- 
ftrioxs Yerulam )is afforded us by that noble Qbſervation of Mon- 
fieur Paſchall, mentioned by the famous Pecquect, and out 
of him by our Author: namely, that the Torriceliay 
Experiment being made at the foot and in divers places of a very 
high Mountain, (of the altitude of five hundred fathom or three 
thouſand fco:) he found, that after he had aſcended a hundred 
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and fifty Fathom, the Quickſilver was fallen two Inches and a 
quarter below its ſtation at the Mountains foot z and that at the 
very top of the Hill it had deſcended above three Inches below 
the ſame wonted ſtation. Whence it appears that the Quickfilyer 
being carried up towards the top of the Atmoſphere, falls down 
the lower, the higher the place is wherin the obſervation is made: 
of which the reaſon is plain in our Hypotheſss, namely, that the 
nearer we come to the top of the Atmoſphere, the ſhorter and 
lighter is the Cylinder of Air incumbent upon the reſtagnaat 
Mercury, and conſequently che leſs weight of Cylindrical 
Mercury will that Air be able to counter- poiſe and 'keep ſuſpen- 
ded. And fince this notable Phenomenon does thus clearly fol- 
low upon ours, and not upon our Adyerſaries Hypotheſis z this 
Experiment ſeems to determine the Controverſie betwixt 
them: becauſe in this caſe the Examiner cannot pretend, as he 
does in the ſeventeenth and divers other of our Experiments, 
that the Deſcent of the Quickſiiver in the Tube is caus'd, noc 
by the Diminucion of the external Airs preſſure, but from the 
preternatural RarefaRion or Diſtenſion of that external Air 
(in the Receiver) when by ſeeking to reſtore it (elf, it endea- 
yours to dtaw up the reſtagnant Mercury: For in our preſent caſe 
there appears no ſuch forcible Dilatation of chat Air, as in ma» 
ay of the Phenomens of our Engine he is pleas'd to imagine, 

It need therefore be no great wonder, if his Adveraries do, 
as he obſerves, make a great account of this Experiment, to 
prove that the Mercury 1s kept up in the Tube by the reſiſtance 
of the external Aire. Nor do I think his Anſwers to the Argu- 
ment drawn from hence will keep them from thinking ir co- 
gent, Forto an ObjeRioa upon which he takes notice that 
they lay ſo much ſtreſs, he replyes but ewo things z which nei- 
ther ſingly nor together will near amount to a (atisfaRory An- 
{lwer. 

And, Firft, he queſtions the truth of the Obſervation it ſelf g 
becauſe having made tryal ina low Hill, the event did no wayes 
anſwer his ExpeRation, Bur though, in ſtead of diſapproving, 
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I am willing tocommend his Curiofity,, ta make the Experi- * 


ment himſelf, 3nd eſpecially figce 'twas both. new and impor. = 


tant 3 and though alfo I like bis Modeſty, in rather ſuſpeRing 
ſome miſtzke in the manner of the Obſervation, then that the 
Experimenters did not (incerely deliver it : yet, fince there muſt © 
bean Error ſomewhere, I muſt rather charge it upon the Exa- 
miners obſervation (I ſay his Obſervation, not his want of (in- 
cerity ) then upon Monſieur Paſchals, For belides the com- 
mendations that the /carned Gaſſcndws, who relates the Experi- 
men, gives to that ingenious Gentleman (Monſieur Paſchal) by 
whoſe direRion he ſuppoſes it to have been try'd : the ſame Gaſ- 

ſendws 1elates, that the like Obſervation was five times 
Gaſendss , repeated, pertim intra ſacelium, partim acre libers, &r 
#unc quidem flante, nunc filente vente. Which circum- 
ſtances ſufficiently argae the Diligence wherewith the 
Experiment was try'd in Auvergne. Eſpecially fince I can con- 
firm theſe Obſervations by two more made on diſtant Hills in 
England: the one of which I procur'd from that known Yirtueſe 
Mr. F. Ball,whom I defir'd to mike the Experiment at a Moun- 
rain in' Devonſhire, on the fide whereof he dwelt z and the 0+ 
ther made in Lancaſhire by that ingenious Gentleman Mr, Rich. 
Townley, Both which Obſervations, fince I have mentiog'd 
them ar large in the Appendix to the Phyſico Mechanical Treatiſe, 
ſh1ll not now repeat z contenting my ſelf to obſerve to our pre- 
ſent Purpoſe, that however the proportion: of the Deſcent of 
the Quickſilver may vary, according to the differing conſiſtence 
and other Accidents of che neighbouring Air, in the particular 
places and rimes of the Experiments being made, yer all Ob- 
fervations agree in this, That nearer the top of the Atmoſphere 
the Quickſilver falls lower then ir does further from ic. To 
all this I ſhall adde two things that will yery much confirm our 
' Hypotheſis. The one is, that the freſhly-nam'd Mr, Townley,. and 
divers ingenious Perſons that affiſted at the Tryal, bethought 
theroſelves of fo making the Torrice&ian Experiment at the rop 
of the Hill, as to leave a determinate quantity of Air in the 
Tube, 
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Tube,before the month of it was open'd underthe veſſell'd Mer- 
cary 5; 1nd tiking notice/how low ſich a quantity of that Air Ce- 
prefſed the A rcnr/al Cylinder, thy likewiſe obſery'd, that at 
the Mountains toot the included Air was not able to depreſs the 
Quckfilyer ſo much. Wh<nce we inferre, that the Cylinder 
ot Air at'the top of the H+!i betn2 ſhorter and lighter, did not fo 
ſtrongly preſs againſt che inclaced A1!, as did the ambient Air 
at the bottom ot the Hill, where the Aereal Cylinder was longer 
and heavier. 

But becauſe that thoongh Experiments made in very elevated 
places are noble ones, andot great importance in _the' Contro- | 
yerfies about the A:r, yer there are but very few of thoſe thar 
are qualified romake Experiments of that Nature, who have 
the opportuaicy of making them upon high Mouncains ; we did 
with the aſſiſtance of an ingenious min atrempt a Tryal, where- 
in we.boped co find a ſcnſibly-diftering Weight of the Atme- 
ſpere, i atar leſs height then chat of an ordinary Hill,- But in 
ftead of a common Tube we made uſe of a kind of Weather- 
glaſs, that the included Air might belp to make the event 
notable, for a reaſon ro be mentioned ere long; and in ſtead of 
Quickſilver we employ'd common Water in the Pipe belon- 
ging to the Weather-glaſs, that ſmall changes in the Weight or 
refiſtance of the -41moſphere in oppofit on of the incladed Air 
might be the more dilcernable, The Inſtrument we made uſe 
of confiſted only of a Glaſs with a broa4 Foor and a narrow 
Neck (A B) and a ſlender Glais- Pipe (C D) open at both ends: 
which Pipe was ſo placed, that the bottom of ir did almoſt, 
bur not quite, reach to the bottom of the bigger Glaſs (AB) 
within whoſe Neck (A) it was faſtned with a cloſe cement, that 
both kept the Pipe in irs place, and hindred all commanication 
berwixtthe inward (II) and outward (K K) Air, ſave by the 
cavity of the Pipe (C D), Now we choſe this Glaſs (A B) more 
thenotdinarily capacious, that the effe& of the dilatation of the 
included Air{(I I) might be the more conſpicuous, Then con- 
veying aconvenient quanticy of Water (H H) into this Glaſs, 
99 2 we 
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we carried it to the Leads of the lofry Abby-Charch at Weſftmis- 
fer, and there blew ina little Air to raiſe the Water to the 
upper part of the Pipe, that being above the Veſſel (A B) we , 
might more preciſely mark the ſeveral ſtations of the Water 
then otherwiſe we could, Afterward having ſuffered the Glaſs 
to reſt a pretty while upon the Lead, that the Air (I I) within 
might be reduc'd to the ſame ſtate, both as to coldneſs and as 
to preſſure, with (K K) that withouc, having marked the ſtation 
of the Water (F), we gently let dowa the Veſlel by a long 
firing to the foot of the Wall, where one attended to receive 
it; who baving ſuffer'd it to reſt upon the ground, cry'd to us that 
it was ſubſided about an Inch below the mark (F) we had put: 
whereupon having order'd him to put a mark art this ſecond ſta- 
tionofic(E), we drew up the Veſlel again; and ſuffering it to 
reſt a while, we obſerv'd the Water to be re-aſcended to or near 
the firſt mark (F), which was indeed about an Inch above (E) 
the other. And this we did that Evening a ſecond time with 
almoſt a like (acceſs : though rwo or three. dayes after, the 
wind blowing ſtrongly upon the Leads, ,we found not the Ex- 
periment to ſucceed quite ſo regularly as before ; yet the Water 
alwayes manifeſtly fell lower at the foot of the Wall then ic 
was at the top: which I ſee no cauſe co aſcribe. barely to the 
differing temperature of the Air above. and below, as to:Heat 
and Cold, fince according to the general eſtimate, the more 

elevated Region of the Air is, c4ters paribms, colder then that 

below, which would rather check the greater expanſion of the 
included Air at the top of the Leads then promote it. But the 
bettes to-avoid miſtakes and prevent ObjeRions, we thought fit 
cotry the Experiment within the Church, and got into a Gal- 
lery of the ſame height with the Leads: but the upper part of the 

Pipe being caſually broken off, we thought fir to-order the mat- 

ter ſo, that the ſurface (G) of the remaining Water ia the Pipe 

ſhould be about an Inch higher then the ſurtace of +the Water 
in the Veſſel. And then my above-mentioned Corteſpondent 

{«tting dowa the Glaſs, almoſt as ſoon as it was ſetled upon the 


pavement, 
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avement , kneeling down to ſee how far it was ſubſided, I 
ound that nor only it was fallen as low as the other Water, but 
that the outward Air depreſt it ſo far, as whileſt I was looking 

on, to break in beneath the bottom of the Pipe, and aſcend 
through the Water in bubbles: after which the Glaſs being 
drawn up again, my Correſpondent affirm'd, that the Water 
was very manifeſtly re-aſcended. But becauſe by the unlucky 

breaking of a Glaſs, we were hindred to obſerve, as we deſigned, 
what would happen as well in a Weather-glaſs, ſo contriv'd that 
the weight or preſſure of the Atmoſphere ſhould make no change 
init, as in another whoſe included Air was at the top, (whereas 
in that we imploy'd the included Air was in the lower part,) and 
becauſe there happened in our Tryals a Circumſtance or two 
that ſeem'd not ſo devoid of difficulties, but that we think ic 
may require further examination, we defign to ſet down a more 
particular account of this Experiment, (as how it ſucceeds with 

Quickſilver inſtead of Water, rogether with the capacity of the 

Veſſel (A B) and the bore of the Pipe (C D) wich ſome other 

yariety of Circumſtances ) together with the event of the cu- 

riofity we had (which ſeemed very ſucceſsful) ro try the Torri- 
cefiian Experiment upon the above-mentioned Leads, and then 
let down the Tube together with the reſtagnant Mercury to the 
ground, to obſerve the increafing altitude of the Quickſilver, 
in the formerly-mentioned Appendix to the Epiſtle we have been 
defending. And it ſhall ſuffice us in the mean time that the Try- 
als already mentioned ſeem to make it evident enongh that the 

Atmoſphere gravitates more, ceters paribws, neer the ſurface of 

the Earth, then in the more elevated parts of the Air, For the 

Leads on which we made our Tryals were found by meaſure tc 

be in perpendicular height but threeſcore and fifreen Foot from 

the ground. To which we ſhall only add this ar preſent, chac 
once being defirous to obſerve what we could touching the pro- 
portions of the ſabſidence of the Water to the height of its ſe- 
veral ſtations from the ground, purpoſely carrying down the 


Veſſel ſo as not conſiderably to-heat it, ftrom the Leads down 
the 
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the ſtaires to a little window tha we gueſt to be almoſt half way © 


ro the bottom, we there perceived the water to have already ſub- 
fided about a Barley-Corns length, notwithſtanding that pro- 
bably in ſpight of our care, the veſſel were a little warmed by 
the hea of his body that carried ir, fince by that time we were 
come to the foot of the Wall, the Water ſtood almoſt ar the 
higheſt mark z bur after the Veſſel was ſuffered to reſt a while, 
it relapſed by degrees to the loweſt. And thus much for the 
firſt of the things I had to repreſent in favour of our Do- 
Ctrine, 

The other Particular I ſhall mention for confirmation of our 
Hypotheſis, is that Experiment (which, though ic be needleſs, 
ſeems yer more cogent and proper to prevent Evaſions ) 
made by the ſame Monſieur Paſchal, of carrying a weakly- blown 
Foot: ball from the bottom to the top of aa high Mountain. For 
that Foot- ball ſwell'd more and more, the higher it was carried, 
ſo that it appeared as it ic were full blown at the trop of the 
Mountain, and gradually growing lank again, as it was carried 
downwards ; ſo chat atthe foot of the Hill it was flaccid as be- 
fore. "This, I ſay, having thus happened, we have here an Expe- 
riment to prove our Hypotheſis, wherein recourſe cannot be had 
to any forcibly and preternaturally ciſtended Body, ſuch as that 
is pretended to be which remaines in che deſerted (pace of the 
Tube in the Torricelil:ian Experiment. 

The other ching which the Ex3miner alledges againſt our 
Argument from Monſieur Paſchals Tryals, is, that ſuppoſing it 
ro be crue, yet it cannor thence be interr'd, chat the (lubſidence 
of the Mercury at the top of the Hill proceeded from the 4t- 
w0[pherical Cylinder's being there lighter and leſs able to 

ſuſtain the Quick(ilyer. Sed dict poteſt (ſayes he) idep 
* ſic in wertice Montis mags deſcendiſſe, quod 1bidem (et 
Aura frigidior, aut tx alio Temper amento hujuſmodt deſcenſum cau- 
ſante. But this ſolution will not ſerve the turn: For the cold- 
nels of the ambient Air (which yer the Experimenters take nor 
nvtice of ) would rather contract the rarefied ſubſtance within the 
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Tube, and ſo draw up the Mercury higher, as our Author him- 
ſelf reaches us, that 'tis from the (ſhrinking of the Fa- 
miculus occafion'd by the cold that the Water in Ther- 
mometers aſcends in cold weather, And where:s the only proof 
he adds of ſo improbable an Explication is taken from our 
eighteenth Experiment, wherein we relate, that ſometimes 
the Quickſilver did ſenfibly fall lower in colder then in far leſs 
cold weather : I anſwer, that this eighteenth Experiment will 
ſcarce make more for him then againſt him : For, as I there take 
notice that the Quickfilver deſcended in cold weather,ſoit ſome- 
times deſcended likewiſe in hot weather, and roſe in cold. And 
'tis very ſtrange, that in all the Obſervations made , in dif- 

fering Countries and 2t differing times, it ſhould ſtill ſo happen 

that the Mercwrial Cylinder ſhould be ſhorter near the cop of che 

Atmeſphere then furcher from ic if the reſiſtance of the outward 

Air have nothing to do with the keeping it ſulpended, And 'cis 

yet more ſtrange, that the Foot- ball ſhould in like manner grow 

turgid and flaccid, according as it is carried into places where ic 

has a ſhorter or longer Pillar of Air incumbent on ic, 

I was going to praceed to what remains of this Second Part 
of our T reatiſe, but that ſince I begun this Chapter caſuilly 
meeting wich an Experiment lately ſent in a Letter to a very 
Ingenious + Acquaintance of his and mine by a | 
very Induſtrious Phyfician * (who is ſaid to have | 00m one 0! 
had the curiofity to try over again many of #cflors ofG. ſh um 
the Experiments of our Engine ) and finding bem = 
it very proper to confirm our newly relared OO 
Experiment made at Weſtminſter, and to be of (uch a nature as 
we have not in this part of England the opportunity to try the 
like, for want of Hills high enough, I ſhall (according to the 
permiſſion given me) inſert it in this place. And the rather, 
that as the Mountains have by the Trials made on them of the 
Torricellian Experiment, afforded us a noble proot of the weight 
of the Air z ſo they may afford us one of its Spring : wherein 1 


hope the Phenomenon of the Waters deſcent will not be alcribed 
to 
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outward Air, And becauſe the Experiment was not made by us, 
bur by another,we will ſer ic down in his words, which are theſe : 
Thu fifteenth of Offober 1661. we took 4 Weather- 
a glaſs A B, of about two foot in length, and carrying it 
to the bottom of Hallitax Hill, the Water ſtood in the 
fhank at thirteen Inches above the Water in the Yeſſel: Thence car- 
1ying it thas fill'd, with the whole frame, immediately to the top of the 
ſaid Hill, the Water fell down tothe point D, viz. an Inch and « 
quarter lower then it was at the bottom of the ſaid Hill ; which (as be 
rightly inferrs) proves the Elaſticity of the Air : for the internal 
Air AC, which was of the ſame power and extenſion with the exter- 
nal at the bottom of the Hill,did manifeſt a greater Elaſticity then the 
* Probably theſe or the TIHPIAIR- Air there , and ſo extended it 
like eoper 2h did manifeſt ſelf further CD. 
Preſſure, are here omitted, The like Experiment, I hear, the ſame 
relies By cnc B* Ingenious DoRor has very lately repea- 
ed rather by ns Weight red 3 and found the deſcent of the Wa- 
ch:n Elaſticity. ter to be greater then before. And though 
ſome Yirtzoſs have thought it ſtrange, that in an Hill far inferi- 
our to the A/ps and Appennines, fo ſhorta Cylinder of fo light 
al-quor as Water ſhould tall (omuchy yet ſee not any reaſon 
codiſtruſt upon this ground either His Experiment or Oors(late- 
ly mention'd to have been made at Weſtminſter ;) but rather to 
wonder the Water fell not more (it the Hill be confiderably 
high:) for cheir ſuſpicion ſeems grounded upon a miſtake, asif 
becauſe the Quick-filver in the Torricellian Experiment made ' 
without purpoſely leaving any Air in the Tube, would not, at 
the top of the mention'd Hill, have ſubſided above an lach, if 
ſo much, the Water, char is near fourteen times lighter, ſhould 
not fall above a fourteenth part of thar ſpace z whereas in the 
Torricellian Experiment, the upper and deſerted ſpace of the 
Tube-has little or,no Airleft in it, but the Correſpondent part of 
the Weather-glaſs was furniſh'd with Air, whoſe preſſure was 
lictle leſs chen that of the 4!moſphere ar the botrom of the Hill ; ' 


and 


to any attraction made of the Water by the violently-diſtend q "IA 


and conſequently. muſt be much greater then the preſſure of the 
ſame Armoſphere ar the rop of the:Hill; where!the Acmoſphe- 
rical Cylinder's gravity (upon whoſe account it preſles). mult be. 
much dimin'ſh'd by its being made much ſhorter, and by its con- 
fiſting of an Airleſs compreſt. And thus much for the firſt of 
the two Conſiderations wherewith I promiſed to conclude this 
ſecond part of the preſent Tra. Onely before I proceed I muſt 
ina word defire the Reader to take notice, that though I have 
here ſingled out but one of the nine Experiments which the Ex- 
aminer in the 11, and 12, Chapters reckons up as urg'd by his 
Adyerſariesz yer I do not thereby declare my acquieſcing in his 
Explications of thoſe Phenomena, but onely leave both them 
and ſome other things he delivers abour Siphons and the Magde- 
burg Experiments, to be diſcours'd by thoſe that are more con- 
cerned to examine them, contenting my ſelf ro have ſufficiently 
diſproved the Fanicslas which his Expoſitions ſuppoſe, and clea- 
red the grounds of explicating ſuch Experiments aright. 


CHAP, V. 


Two new Experiments touching the megſure of the 
Force of the Spring of Air compreſs'd and 


dilated. 
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He other thing that I would have confidered touching our 

Adverſaries Hypotheſis is, That it is needleſs. For whereas 
le denies not that the Air has ſome Weight and 
Spring, but affirms that ic is very inſufficient to per- 
form ſuch great matters as the counterpoiſing of a Mercurial 
Cylinder of 29. Inches,as we teach that it may : We ſhall now 
endeavour to manifeſt by Experiments purpoſely made; that the 
Spring of the Air is capable of doing far more'then 'tis neceſſary 
for usto aſcribe to ir, ro'(alyve the Phenomens of the Torricefian 
Experiment. bh h We 
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We took then a long Glaſs-Tube, which by a dexterons hand 
and the help of Lamp was in ſuch a,manger crooked at the bot- 
ron, that che patc turned up was almoſt parallel to the reſt of the 
Tabe, and the Orifice of this ſhorcer leg of the Siphon (if I may 
ſo call the whole Inſtrument) being Hermetically ſeal'd , che 
lenoch of it was Civided into Inches, (each of which was ſubdi- 
vided into eight parts) by a ſtraighe liſt of paper, which concain- 
ing thoſe Diviſions was carefully paſted all along it: chen pur. 
ring in as much Quickſilver as ſerved to fill the Arch or bended 
part of the Siphon, that the muy fanding ina level mi 
reach ia the one leg to the bottom of che divided paper, and jufi 
to the ſame height or Horizonral line inthe other 3 we took care, 
by frequently indining ce Tube, ſo that the Air might freely 
paſsfrom one leg into the other by the fades of che Mer 
(we took (1 ſay) care) that the Air at laft included inthe hort- 
er Cylinder ſhovld be of the ſame laxicy with the Teſt of the Air 
about it. This done, we began co pour Quickfilver into the lon- 
ger leg of the Siphon, which by its weight preſſing up that in the 
ſhorter leg, did by degrees fſtreighten the included Air: -and 
continuing this pouring in of Quick(ilver till rhe Air in the ſhort- 
erleg was by condenſation reduced to take up bur half the ſpace 
it pofſe(s'd (I ay, puſſeſs'd, nor fjl4) before we caſt our eyes 
upon the logger (eg of the Glaſs, on which was likewiſe paſted a 
hiſt of Paper carefully divided into Inches and parts, and we ob. 
{erved,not without delight and ſatisfaRion, that che Quickſilver 
in that longer part of the Tube was 29. Inches higher then the 
other. Now that this Obſervation daes both. very well agree 
with and confirm our Hypotheſis, will be eaſily dilcerned. by. bim 
that takes notice that we teach, and Mankeur Paſchal and.our 
Engliſh triends Experiments prove, that the greater the weighr 
is thar leans upon. the Air, the more forcible is its eadeavour of 
RR + wad — fm power of nero @ other 
ings are W greater weights.) For chis 
being coafidered, it wil appear to agree rarely-well wich che. 
porbrfes, thiat 25 according toit the Air inthac way 


- 


. 699 ) 
and corveſpondetr meaſure of reſiſtzace to which the: weight of 
the ineuaibenr Armoſphere had broughr it, was able to counter- 
balance and reſiſt the preſſure of a Mercurial Cylinder of about 
29, Inches, as we are taught by the Torrice/iax Experiment z ſo 
here the ſame Air being brought co a degree of denſicy abour 
ewiceas great as that it had betore, obtains a Spring twice as 
ſtrong as formerly, As may appear by its being able to ſuſtain 
or reſiſt a- Cylinder of 29, Inches in the longer Tube, together 
with the weight of the Atmoſpherical Cylinder, that lean'd upon 
thoſe 29. Inches of Mercury 3 and, as we juſt now.inferr'd from 
the Torriceltian Experiment, was equivalenc to them. 

We were hindered from proſecuting che _ at that time by 
the caſual breaking of the Tube, But becauſe an accurate Ex- 
periment of this nature would be of great importance to the Do- 

arine of the Spring of the Air, and has not yet been made (that 1 
know) by any man; and becauſe alſo it is more uneaſie to be 
made then one would think, in regard of the difficulty as well of 
procuring crooked Tubes fit for the purpoſe, as of making a juſt 
eſtimate of the true place of the Procuberant Mercury's ſurface 
I ſuppoſe it will not be unwelcome to the Reader, to be infor- 
med that after ſome other tryals, one of which we made in a 
Tube whoſe longer leg was perpendicular, and the other, that 

contained the Air, parallel co the Horizon, we at laſt procured a 
Tube of the Figure expreſt in the Scheme z which 

Tube, though of a pretty bigneſs, was ſo long, that the $***b+*5- 

Cylinder whereof the ſhorter leg of it conſiſted ad- **© 

mitted a liſt of Paper, which had before been divided into 12. In- 

ches and their quarters, and the longer leg admitted another liſt 
of Paper of divers foot in length, apd divided after che ſame 
manner : then Quickſilver being poured in to fill up the bended 
part of the Glaſs, chat the ſurface of ir in either leg might reſt in 
che ſame Horizontal line, as we lately taught, chere was: more 
ind more Quickſilver ponred into the longer Tube zand notice 
being warchtully raken how far the Aterrnry was riſen inthic 


longer Tube, when it appeared to have aſcended to'any of the 
hh 2 iviſfions 
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diviſions in the ſhorter Tabe, the ſeveral Obſeryations thae were 
thus ſucceſſively made, and as they were made ſer down,affarded 
us the enſuing Table. 


A Table of the Condenſation of the Air. 
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. Forthe betterunderſtanding of this Experiment it may not 
-be:amiſs totake notice of the following particulars : 
- | T4: That the Tube being (o tall that we could not convenient- 
:l: make uſe of ie ina Chamber, we were fain to aſe it 0n.a pair of 
Stairs, which yet were very lightſom, the Tube being for preſer- 
vations 


( 6r-) 
vations ſake by ſtrings ſo ſuſpended, that ir-did ſcarce couch the 
Box preſently to be mentioned. - - | "2h, 

2. The lower and crooked' part of the Pipe was placed io a 
ſquare wooden Box, of a good largneſs and depth, to prevene 
the loſs of the Quickſilver that might fall afide in the transfuſion 
from the Veſſel. into the Pipe, and to receive the whole Quickſil- 
yer in caſe the Tube ſhould break. 

3- That we were two to make the obſervation rogether, the 
one to take notice at the botrom how the Quickſilver roſe in the 
ſhorter Cylinder, and the other to pour in at the top of the lon- 
ger, it being very hard and troubleſome for one man alone to do 
both accurately. 

4+ That the Quickfrlver was poured in but by little and liccle, 
according to the direQion of him that obſerved below, it being 
far eaſier to pour in more, then to take out any incaſe roo much 
at once had been ponred in, 

5. Thatar the beginning of rhe Operation, that we might the 
more truly diſcern where the Quick(ilyer: reſted: from time to 
time, we made'uſe of a fmall Looking-glaſs, held ina conyeni- 
ent poſture to refle&@to the eye what we deſired to diſcern, 

6. That when the Air was ſo compreſs'd,. as to: be crouded 
iato leſs then aquarter of the ſpace ic poſſe(s'g before, we tryed 
whether the cold of a Linen Cloth -dipp'd- in water would then 
condenſe it. And it ſometimes ſeemed a lirtle ro ſhrink, but not-ſo 
manifeſtly as that we dare build any thing -opon it; We then 
tryed likewiſe whether heat would notwithſtaading:ſo forcible a 
compreſſure dilate it, and approching the flame ot a Candle to 
that part where the Air was pent up, the heat had a more ſenſible 
operation then rhe cold had before z ſo that we ſcares doubted 
but that the expanſion of the Air would notwithſtanding the 
weight that oppreſt it have been made conſpicuous, if che fear of 
unſeaſonably breaking the Glaſs had not kepc us from increaſing 
the heat, an 

Now although we deny not but thatin our Table ſome parti- 


culars donot ſo exaftly anſwer to what. our tormerly-intimated 
Hypothe(;s 


(63) * 
Hypotheſir might perchance inviceche Reader to expect ; Fet the 
Variations are not ſo conſiderable; a pai gy may. probably. 
enough be aſcribed to ſome ſuch want ok exaQnels as in ſuch nice 
Experiments is ſcarce avoidable, But for all char,cill further eryal 
bath more clearly informed me, I ſhall not venture to determine 
whether or no the intimated Theory will hold. univerſally and 
preciſely, either in Condenſation of Air, or RarefaRion : all 
chat I ſhall! now urge being, Thar however, the tryal already 
made ſufficiently proves the main thing for which I here alledge 
it; ſince by it 'tis evidear, that as common Air when reduc'd to 
half its wonted extent, obtained near about twice as forcible a 
Spring as it had before ; ſo this thus- compreſt Air being furcher 
thruſt into balt this narrow room, obtained thereby a Spring a- 
bour as ſtrong again as thatit laſt had, . and conſequently four 
tiries as ſtrong as that of the common Air. And there isno 
cauſe to doubt, that if we had been here furaiſhe with a greater 
quantity of Quickſilver 2ada very ſtrong Tube, we might by a 
turther compreffion of the ihcluded. Air bave made it counter- 
balance the prefſure- of a far taller'and. heavier Cylinder of "Mer- 
c#r9. For no man perhaps; yer knows how near to an infinite 
compreſſion the Air may be-capable of, if the compreſſing force 
be competently increaſt, So that here, our, Adyerſary ma 
plainly fee that the Spring of che Air,, which he makes ſo ligh 
of, rtiay not onely be able co ret the weight of 29. Inches, bur 
in ſome caſes of above an hundred-Inches of Quickſilver, and 
chat without the affiſtance of his Funicelas, which in our preſent 
caſe has noching to' do. And to let you ſee that we did not 
(alittle above) inconfiderately- mention the weight of the in- 
cumbent Atmoſpherical Cylinder as a part of che weight refiſt- 
ed by the impriſoned Air, we will here agnex, that we took care, 
when the Mercurial Cylinder-in the longer leg of the Pipe was 
about an hundred Inches bigh, to cauſe one to fuck at the op! 
Orifice z whereupon (as we expected) the Mercury in the Tube 
c:d notably aſcend. Which conGiderable Phenomenes Cinbor be 
 {cr.bed toour Examiners Fexiculws, fince by bis awn confedſion 
that 


, k 


chat cannot pull! op the: Mercary, if the Mercurial Cylinder be 
above 29,/or 30. Inches of Mercury. ' And therefore we ſhall ren- 
der this reaſon of it, That the preflore of the incumbent Air be» 
ing in part taken off by irs expanding ir ſelf into the Suckers cila- 
red cheſt z rhe impriſon'd Air was thereby enabled to dilate it 
ſetf manifeſtly; and'repel the Mercury thac compreſt it, till chere 
was anequaliry of force betwixt the ſtrong Spring of that com- 
preſt Air on the one part, and the tall Mercurial Cylinder, toge- 
ther with the contiguous dilated Air, on the other part, 

Now, if t what we have thus delivered concerning the com- 
preſſion of Air we adde ſome Obſervations concerning irs ſpon- 
caneons Expanſion, itwill the becter appear how much rhe /Phe- 
nomena of theſe Mercurial Experiments depend upon the differ- 
ing meaſures vf ſtrength to be met within the Airs Spring, ac- 
cording to its various degrees of Compreflion and Laxicy. Buc, 
before I enter upon this ſubjeR, I ſhall readily acknowledge thar 
I had not reduc'd the tryals.I had made abogt meaſuring the Ex- 
panſion of the Air to any certain Hypotheſis, when that ingenious 
Gentleman Mr, Richard Townely was pleaſed co inform me, that 
having by the. peruſal of my Phyſico- Mechanical Experiments 
been ſatisfied that the Spring of the Air was the cauſe of it, be 
had endeavoured (andI wiſh in ſuch attempts other ingenious 
men would follow his example) to ſupply what I had' omitted 
concerning the reducing to a preciſe eftimate how much Air di- 
lated of it ſelf loſes of irs Elaſtical force, according to the mea- 
fares of irs Dilatation. He added, that he had begun to ſer 
down whar occarred:to him to this purpoſe in a, hore Diſcourſe, 
whereof he atterwards did me the favour to ſhew me the begin- 
ning, whichgives me a juſt Curiofity to fee it perfeRed.,. .Bur, 
becauie I neither know, nor (by reaſon of the great-diftance be- 

twixt our places of 'refidence) have at preſent the opporrenicy 
to enquire, whether he will think fit to annex. bis Diſcourſe to: 
our Appendix, or to publiſh it by ir ſelf, or at all z and'becauſe he 
hath not yer, for ought I know, met with fit Glaffes to make an: 


any-thing-accurate Table of the Decremeat of the force of dila- 


(633): hs. 
Hyporhefir might perchance inviceche Reader to expeRt z, yet che 
Variations _ (o conſiderable, bys; that; they may. pro Fe 
enough be aſcribed to ſome ſuch want of exaQuels 2s in ſuch nice 
Experiments is ſcarce avoidable, But for all char,cill further eryal 
bath more clearly informed me, I ſhall not venture to determine 
whether or no the intimated Theory will hold. univerſally and 
preciſely, either in Condenſation of Air, or RarefaRion : all 
chat I ſhall now urge being, That however, the tryal already 
made ſufficiently proves the main thing for which I here alledge 
it; ſince by it 'tis evident, that as common Air when reduc'd to 
half its wonted extent, obtained near about twice as forcible a 
Spring as it had before ; ſo this thus- compreſt Air being further 
thruſt into balt this narrow room, obtained thereby a Spring a- 
bour as ſtrong again as that it laſt had,.. and conſequently four 
times as ſtrong as that of the common Air. And there isno 
cauſe to doubt, that if we had been here fucniſht with a greater 
quantity of Quickfilver.aada very ſtroag Tube, we might by a 
turther-compreflion of the included. Air baye made it counter- 
balance the prefſure- of a far talſer:and. heavier Cylinder of "Mer- 
cxry9. 'For no man perhaps; yet knows how near to an infinite 
compreſſion the Air may be.capable of, it the compreſſing force 
be competently increaſt, So that here, our, Adyerſary ma 
plainly fee thar the Spring of che Air, which he makes ſo ligh 
of, rtiay not onely be able co reſt the weight of 29. Inches, bur 
in ſome caſes of above an hundred-Inches of Quickſilyer, and 
chat without the affiſtance of his Funicelws, which in our preſent 
caſe has nothing to do. And to let you ſee that we did not 
(alittle above) inconfiderately- mention the weighe of the ig- 
cumbent Atmoſpherical Cylinder as a part ofche weight refiſt- 
ed by the impriſoned Air, we will here annex, chat we took care, 
when the Mercurial Cylinder-in the longer leg of the Pipe was 
about an hundred Inches bigh, to cauſe one to ſuck at the 
Orifice z whereupon (as we expected) the Mercury in the Tube 
c:d notably aſcend. Whith conGiderable Phenomenes Citibor be 
 {cr.bed to our Examiners Fexiculws, fince by bis awn confefſion 
har 


char cannot poll! op the: Mercary,/if the Mercurial Cylinder be 
above 29;'or 30; Inches of Mercury. ' And therefore we ſhall ren- 
der this reaſon of it, That the preflare of the incumbent Air be» 
ing in part taken off by its expanding ir ſelf into the Suckers dila- 
red cheſt, rhe impriſon'd Air was thereby enabled to dilate it 
ſetf manifeſtly, and'repel the Mercury thac compreſt it, till chere 
was anequaliry of force betwixt the ſtrong Spring of that com- 
preſt Air on the one part, and the tall Mercurial Cylinder, toge- 
ther with the contiguous dilated Air, on the other part, 

Now, if t what we have thus delivered concerning the com- 
preſſion of Air we adde ſome Oblervartioas concerning irs ſpon- 
cancons Expanſion, itwill the becter appear how much rhe /Phe- 
nomena Of theſe Mercurial Experiments depend upon the differ- 
ing meaſures ſttength to be met within the Airs Spring, ac- 
cording to its various degrees of Compreflion and Laxicy. Buc, 
before I enter upon this ſubjeR, I ſhall readily acknowledge thar 
I had not reduc'd the tryals.I had made abogt meaſuring the Ex- 
panſion of the Air to any certain Hypotheſis, when that ingenious 
Gentleman Mr, Richa»d Townely was pleaſed ro inform me, that 
having by the peruſal of my Phyſico- Mechanical Experiments 
been ſatisfied that the Spring of the Air was the cauſe of it, be 
had endeavoured (and I wiſhin ſuch attempts other ingenious 
men would follow his example) to ſupply what I had' omitred 
concerning the reducing to a preciſe eftimate how much Air di- 
lated of it ſelf loſes of irs Elaſtical force, according to the mea- 
fares of irs Dilatation. He added, that he had begun to ſet 
down what occarred:to him to this purpoſe in a, hore Diſcourſe, 
whereof he atterwards did me the fayour to ſhew me the begin- 
ning, which gives me a juſt Curioſity to fee it-perteRed.,. .Bur, 
becauie I neither know, nor (by reaſon of the great-diftance be- 

twixt our places of reſidence) have at preſent the opportunicy 
to enquire, whether he will think fic to annex bis Diſcourſe to- 
our Appendix, or to publiſh it by ir ſelf, or at all z andbecauſe he 
hath not yer, for ought I know, met with fic Glaſſes to make an; 


any-thing-accurate Table of the Decrement of the force of dila- 
ted: 


red Airs our preſent defign invites us to preſent the, Reader with, 
that which follows, wherein I had the al haace of the ſame per; 
ſon that I took notice of in the former Chapter, as having writ- 
ten ſomething about RarefaRion: whom I the rather make men- 
tion of on this occaſion, becauſe whea he firſt heard me ſpeak of 
Mr. Townley's ſuppofitions about the proportion wherein Air 
loſes of its Spring by Dilatation, he told me he had the year be- 
fore (and not long afcer the publication of my Pnewmatical Trea- 
tiſe) made Obſeryations to the (ame purpoſe, which he acknow- 
ledged to agree well enough with Mr. Townley's Theory : And 
ſo did (as their Author was pleaſed to tell me) ſome Tryals made 
about the ſame time by-chat Noble Yirtzoſo and eminent Mathe- 
matician the Lord Bro#ncker, from whoſe further,Enquiries into 
this matter, if his occaſions will allow him to make them, the 
Curious may well hope for ſomething very accurate. 


A Table of the Rarefabtion of the Air. 
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A. The number of equal ſpaces at the top of the 
Titbe, that contained the ſame parcel of Air, 
29 | B, The height of che Mercurial Cylinder, that 
| _ Cogether withthe Spring of the included Air 

counterbalanced the -prefiure of the Atmo-» 
\ ſphere, - ', 25 85/123 
-C. The preſſuce of the Armoſhere, 
D. The Complement of Bro C, exbibicing the 

preſſure ſuſtained by the included Air, 6; 

E. Whar that prefſure ſhould be according to 

the Hypmnheſir, ' + > z 03 


Tormake the Experiment of the debilitated force of expanded 
Air the plainer, 'twill. not be amiſs co note ſome particulars, 
eſpecially touching the manner of making the Tryalz which (for 
the reaſons lately mention'd) we made on a lightſome pair of 
ſtairs, and with a Box. alſo lin'd with Paper to receive the Mer- 
cury that might be ſpilte. And in regard it would require a vaſt 
and in few places procurable quantity of Quickfilver, to employ 
veſſels of ſuch kind as are ordinary in the Torricellian Experi- 
ment, we made ule of a Glaſs-Tube of about fix foot long, for 
that being Hermetically ſealed at one end,ſerv'd,our turn as well 
25 if we could bave made the Experiment in a T#b or Pond of 

ſeventy Inches _ 

Secondly, We alſo provided aflender Glaſs-Pipe of abeut the 
bigneſs of a Swans Quill, and open ar both ends : all along which 
was paſted a narrow liſt of Paper divided into Inches and half 
quarters., : 

Thirdly, This {lender Pipe being thruſt down into the greater 
Tube almoſt fill'd with Quickfilyer, the Glaſs helpt co make it 
ſwell to the top of the Tube, and the Quickſilver getting in at 
the lower orifice of the Pipe, fill'd ic up cill the Mercary incladed 
in chat was near about a level with che ſarface of che ſurrounding 
Mercary in; the Tube, | 

Fourthly, There being, as near as we could gueſs, little more 
then an Inch of che flender Pipe leſt above the (ſurface of the re- 
ſtagnant Merc#ry, and «3 gr 2LT uofll'd cherewich, the pro- 
minent orifice was carefully clos'd with ſealing Wax melted , 
afrer which the Pipe was let alone for a while, that the Air di- 
lated a little by the heat of the Wax, mighc upon refrigeration 
be reduc'd to irs wonted denſity, And then we obſerv'd by the 
help of the above-mentioned liſt of Paper, whether we had not 
included ſomewhat more or ſomewhat leſs then an Inch of Air, 
and in either caſe we were fain to reRifie the error by a ſmall hole 
made (with an heated Pin) in the Wax, and afterwards clos'd 
up again. x 
" fibh, Having thus included a juſt Inch of Air, we lifted 

11 up 


oþ the lender Pipe by degrees,till the Air wis dilated to a Ids | 
an Inchi and an half, two Inches, &c. and obſeryed in Inctie 
atid Efgtiths, the length of the Mercirial Cylinder ,' which at: 
each degree of the Airs expanſion was ttmpelV'd aboye the furtace 
of the NE Mercary in the Tabe, | | 
Sixthly, The Obſervations being ended, we 'preſently made 
the Torricefian Experiment with ttie above-mention'd great 
Tube of x foot lon, thit we tight know che height of che 
Mercurial Cylitider, fot char han] day and 'hotrs which 
RO we ond ro be 29 * Inc ET gy | 
eventhly, Our Obſervations made after this manner furniſh'd 
us with the preceding Table, in which there'would not probably 
tiave been tourid the difference here ſer down betwixr thie fotce 
of the Air when expanded to double -its former dintenſions; 
and whit that force ſhould bave been' precifely* acebrdmg to the 
Theory, but thar the included Inch of Air receiv'd ſome little 
acceſſion during the Tryal ; which this\newly-tnenriod'd diffe- 
rence friakirig us nr #+ found by teplaniging thePip&inc&the 
Quickfilver,that the in&fudedAir had gath'd'4 vr half46 Cighth, 
which ive guelt to Have Core frotit forme Rttle aerial bubbles ih 
2: QuickPver,coprain'? in the Pipe(ſo eſte iFir BRSWS Ex 
periments to miſs of exatneſs.) We try'd alſo with' r+, Tathes 
of Air hut up to be dilated bpt being then-hindred by ſome 
aublcoihe vocations t6 proſecute thofe E'xpetittients/we hall 
elſewhete; cut of 6ther Notes 4tid*FryHly (God pertmifring) (eb 
down fone other accurate Tables concerning this tifteer By 
which p6fibly we may be affiſted to reſolve whether the 41 
moſphere thould be look'd upon (as it uſaally is) as Hmited and 
bounded Portion of the Air; or whitther we ſhoold in a- firier 
ſefle fied did befofe, uſe the 'Armiſphere and Hevral part of 
the World for almoſt equivalent rerms'; or elſe whether we 
- ſhould allow the word Atmoſphere ſome other notion in relation 
fo its Extent and Limits; (for as to its Spring #nd Weight;theſe 
Experiments go not queſtion, but eyince them.) By we #re wil- 
bag, as we ſafd, to reterre” thefe matrerstoour Appendix, and 
till 


( (687): 
till chentoretain our wonted manner of (peaking of the Air and 
Atmoſphere, 1a the mean time (to retura'"ro our laſt-mention'd 
Experientnit) beſides that ſo little'h variation'may. be-in-great 
parc impured corhe'difficlty of:making Experiments ofthis na 
ture exatly; and perhaps a good partiotir4o. ſomerhing of ine- 
quality in the Cavity ofthe Pipe, ot even inthe thicknels of the 
Glaſs; beſfides'this, I fay, the proportion betwixt the ſeveral 
preſſures of the included Air undilaced and expanded, eſpecially 
when the Ditatation was grent {for when the-Aic: (well'd bur to 
four times 'its' firſt exten, che Mercucial Cylinder, though of 
near 23-Taches, differ'd not a quarter of an Inch fron what ir 
ſhould have been according to Mathematical exaQnefs) the pro- 
portion, 1 ſay, was ſutable enough to what might be - expeRted, 
co'aHow us to make- this refletion'/ upon the whole, Tharwhe- 
ther or no'the- intimated: Theory will hold: ex2@ly,” {for about 
that, as I (aid above, 1 dare determine notbing-refolnrely cill-f 
have furcher confidered the matter) yet ſince che Inch of Air 
whenit was firſt included was ſhut up with no other preſſurethen 
thar which it had from the weight of: che incumbear Air, and was 
no more-compreſt thea the reſt of the! Air we breathed-and-mo- 
vedin's and fince alſo this Inch of Air; when expanded to twice 
irs former dimenfions, was able with the help of a Mercurial 
Cylinder of aboxt 15. Inches tocounterpoiſe the weight of the 
Atmoſphere,” which: the weight oF the external Air gravitating 
upon the reſtagnanr Mercwy was able to impell' up into the Pipe, 
and ſaſtain above twenty eight Inches of Me#coury when rtie inter- 
nal Air by its great expanſion had its Spring roo far debilirated 
ro make any conſiderable (I ſay confiderable, for it was not yer 
ſo dilated as not to make ſome) reſiſtance :: fince, 1 ſay,.theſe 
things are (©, che free Air here below! appears ro be- almoſt as 
ſtrongly compreſt by the weight of the 'incumberit Air as it 
would be by the Weight of a Mercurial Cylinder of twenty eight 
or thircy Inches; and conſequently is not in ſuch a ſtate of 
*Iaxity and freedom as men are wont to imagines and aRts like 


ſome mechanical Agent, the decreement of whoſe force holds a 
112 ſtricter 


- Rricer proportion to its increaſe of dimenſion , then has been 
bitherto caken notice of. | | 

T muſt notnow- ſtand co propaſe the ſeveral refleRions-that 
may be made upon the foregoing Obſervations rouching the 
Compreſſion and Expanſion of Air partly becauſe: we could 
ſcarce avoid making the. Hiſtorical part ſomewhat prolix z' and 
partly becauſe I ſuppoſe we have already ſaid enough to ſhew 
what was intended, namely, that-co. folve the Phenomena there 
is not of our Adverſaries Hypotheſis any weed : the evincing of 
which will appear to be of no ſmall momenc in our preſent 
Controvyerfie ,, r6 him that conſiders, that the ewo maine 
things that induced the Learned Examiner to rejeRt our Hyporhe- 
Js are,that Nature abhors a Yac##m,and that though the Air have 
ſome Weight & Spring,yec theſe are inſufficient co make our the 
known Phenomena; for which we muſt therefore have recourſe 
to his F#nica/us. Now as we have formerly ſeen, that he has nor 
ſo ſatisfaRorily diſproved as reſolutely rejeRed a Vacuum, ſo we 
have now manifeſted that the Spring of the Air, may ſuffice to 
perform greater things then what our Explication of the Torrs- 
cellian Experiments and thoſe of our Engine obliges us. to aſ- 
cribe to it. Wherefore ſince beſides the ſeyeral. difficulties that 
incumber the Hypotheſis we oppoſe, and eſpecially its being 
ſcarce, if at all, _—_— we can adde that it is #nneceſſary 
we dare expe that ſuch Readers as are not byaſs'd by their 


reverence. for Arifivle or the Peripatetick Schools, will hardly 
reje& an Hypotheſis which, befides that it is very intelligible,is now 
prov'd to be ſofficient, only to imbrace a DoQtrine that - ſappo- 
ſes ſuch a rarefaRion and condenſation, as many famous Natu- 
raliſts rejeced for irs not being compreheafible,even when they 
knew of no other way (that was probable) of ſolving the Phene- 
wens wont to be explicated by it. 


The 


The III. Part, 
wherein what is objected againſt Mr. Boles 


Explications of particular Experiments, 
is ;an{wered. 


===> N D now we are come to the third and 
laſt Part of our Defencez wherein we are 
to conſider what our Examiner is pleas'd 
to objec againſt ſome paſſages of our 
Phy ficho- Mechanical Treatiſe, But though 
this may ſeem the only part wherein I am 
particularly concern'd; ' yet perhaps we 
ſhall find ir, if not the ſhorreſt, atleaſt the 
eaſieſt, part of our Task. Partly, becauſe our Author takes no 
exceptions at the Experiments themfelves, as we have recor- 
ded them (which from an Adverſary, who in ſome places ſpeaks 
of them as an eye-witnels, is no contemptible teſtimony that the 
matters of fa& have been rightly delivered :) and parth, becauſe 
there are divers Experiments which, together wich their Ex- 
plications, the Examiner bas thought fic co leave untouche, 
and thereby allows us todo ſo too: and partly alfo, becauſe that 
(as to divers of thoſe Experiments upon which he animadverrs) 
be does not pretend to ſhew that our Explications are ill deduc'd 
or incongruous to our principles z bur only that the Phenomena 
- may be explain'd either better or as well by his rs” 
( 


 J\ "_m 
of he ſuppoſes himſelf to have demonſtrated the truth, together 
with the erroneouſneſs of ours, in the other parts of his book, 
eſpecially.the thixd, fautt;and fifrh *Chaprers,  So-char after 
what wehave faid to viadicate the Hypetbeps; we maintain, and 
take away our Anthors imaginary F*weslar, ir'will nor be re- 
quifite for us on ſuch occaſions to examine his particular Aﬀer- 
tions and Explications. Which Advertifement we hope the 
Reader will be pleaſed to.bear in mind, and thereby ſave himſelf 
and us the trouble of a great deal of unneceſſary repetition, 
W herefore preſuming he will do ſo, we ſhall not ſtay ro examine 
the firſt and ſecond Corollaries, which in his 17. Chapter he ag- 
nexes to the manner of emptying our Receiver by our Pump, 
Neither ſhould we ſay any thing as to his chird and laſtCorollary, 
but that we think fit to defire the-Reader to take notice, thar 
according to what he teaches in that place, the more the Air is 
 rarefied, the more forcibly it is able to contraRrir ſelf, 1 


A drfence ef onr 1,.4nd 2. Experiments, 


And ro proceed now to his 18::Chapter, /which he inticles De 
Experimentis Boyleanss, we (hall find according to what we lately 
noted, that againſt the Firſt Experiment he objects nothing ſave 
that, ifone of the Fingers be applied rothe Orifice of the Valve 
when the Pump.is freed from Air, the Experimenter ſhall feel co 
his pain char che Sucker is not thraft inward by the external Air, 
bur, as the Finger, drawn inward by the internal, , ' But chis Phe- 
nomenon of the intruſion ot rhe Finger inco a Cavity, where ic 
finds no.refiſtance, having been formerly accaunted for accor- 
ding to-0ur Hypotheſes,ve (ball notneed torepeatour:Explication 
of irz thoughthis miſtaken #hexomenen (wpplies our Adverlary 
with divers of his following Animadverftons; and indeed with a 
great part of his book, Aad accordingly bis Objetion zgainſt 
our Second Experiment being 'of the ſame nature with that a- 

-gainſtehe firſt, requires barthe tame Anſwer : Fort will noc al- 
cer the caſe thar heades upon this Experimont,. Hep- offs diſcri- 
| men 


\ 


F men minifeflum Inter preffionem' & ſuttionem, quad ſuitia efficiat 
bujuſmedl adhafiontms, prifiio autem minim? , ſince to ſay ſois 
bur to affirme, not'to prove. | 


The 3; E xpevintent, 


W hat oor Author would except againſt the 3. Experiment he 
ought to have more intelligibly expreſt't: For whereas of a Di(- 
courſe wtiergity Fdeliver feveral-patvicutars, he onely- fayes that 
Naltatenw (atisf acitut hgemti conHabin ;, 1 woutd nov do the Rea- 
der thie injufy'to ſafpeR hit of taking- this proofteſs Aſſertion- 
for 4 rational Confatarion y eſpecially fince upots the review of 
that third Experiment I find nothing that agrees not with my 
Hypetheis, however it may diſagree with the Examiners, Bur, 
to confider the Explication 'We-fubicztss in the room of our 
Dorine, which he rejeRs, he gives it us 1a theſe words z Hoc 
quoq; Exptrimintam principiis noſtris oprimit convenit:Cum enim per 
ilam Enboll depyeffem air in cavitate brachii incluſus ſeparetur 
ab ebdits brachip, _— final cans Embolo (uti de aqua fimul 
Guin i+gentd+#v0 dſctntlentr capite devinn) tertip vitlimws) fit ut in 
tailla dipreffromt;' 16iv4 ſtriper' 6b aire ill atſcendtnts; ſuprrficies 
diriplaniur final & txtendamur, ut ibidem de aqua eft explicatum': 
cum itaq; aque facilt diripiantar & extendantut hujuſmodi ſupti fi- 
les in fine deptefironds ar initio, imum non eft quod eadery utrobiq, 
fentiatis deprimiendi difficaltas, 0 2 = 
© By which ctiotighhe ſeeiny to intend an! Oppoſition. ro that 
part of the third Bxpetittient which I oppos'd not againſt his 
Opmion, but that of fome learned Vacuiſts # yer{not to' mention: 
that he ſeems to-have ſomewhat miſtaken my ſenſe) he offers 
16thing at all ro invatidaremy inferente againſt thetnzbit infiead 
of thar propoſes a defetce bf his own Opinions which fappoſes. 
the truth of his diſproved Hypotheſis, and is either unfaristaQory 
even according to that, orelſe diſagrees with what himſelf Wach 
taught us but a little before. For 'tis evident chat the more the 


Sucker is depreſs'd, the more the Cylindcr is exhauſted of Air. 
And: 


And in his third Corollary (which we lately defired'the Reader | 


the ſame with the Airin the Cylinder) be affirms more then 
once, Eo magis extendi ac rarefiert airem relitium, quo plus inde 
exhauritur, majoremque proinde acquirere vim ſeſe contrahend. 
Whereas here he would have us believe, that the: little internal 
A rthat w3s in the Cavity of the ſhank of the Stop- cock, does 
as ſtrongly retraR the Sucker, or, which in our caſe is all one, re- 
{iſt its depreſſion, whea the Sucker is yet near the top of the Cy- 
linder, (and conſequently when the included Air is but a little 
dilated) as when the ſame Sucker being forced down to the low- 
er part of the Cylinder, the ſame portion of remaining Air muſt 
bz exceedingly more diſtended. 


The 4+. Experiment. 


In the Fourth Experiment, touching the (ſwelling of a 
Bladder upon the removal of the ambienc Air z and proportiona- 
bly to that removal our Author. objeRs nothing agaiaſt.the Ex- 
plication we give of it by the Spring of the Air-included in the 
Bladder, 2nd diſtending it according as the preſſure of-the ambi-- 
ent Air is weakned, But he endeavours alſo to explicate it his 
way, tO which he ſayes this circumſtance does excellently agree, 
that upon the regre(s of che external Air into the Receiver, the 
rumid Bladcer immeciarely ſhrinks, becauſe. (ſaith he) by ſuch 
ingre(s of the exteroal Air, the Air in the Receiver, which drew 
the ſides of the Bladder outward from the middle of it, is re- 
lax'd. Which Explicationa whether ic be more natural then 
ours (that aſcribes the ſhrinking of the Bladder to the: preſſure of 
the Air that is let into the Receiver) lert-the Reader judge, who 
bas-confidered what we have formerly objeRed againſt the Ex+- 
—_ Funiculws, and the Relaxation of it upon the admiſhon 
of Air. | 

As for the reaſon likewiſe he adds, why a perforated Bladder 
oes not alſo ſwell, namely, that by the hole, how little ſoever, 
the 


to obſerve) ſpeaking of the Air in the Receiver (and the caſe is - 
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the included Air is ſuck'd out by the rarefi'd ambient, we leave 
it to the impartial Reader to confider whether is the more genu- 
ine Explication, either ours (againſt which he has nothing to ob- 
je) or his, which ro make clearly out he ought (according to 
what we formerly noted diſputing againſt his Funiculws) to ſhew 
us what kind of ſtrings they are; which though, according to 
him,ſtrongly faſtned to the infide of the Receiver and the ſ#perfi- 
cies of the Bladder, muſt draw juſt as forcibly one as another, how 
long ſoever they be without the Bladder in compariſon of thoſe 
that within the Bladder draw ſo as to hinder the diduRion of its 
ſides. For Experience ſhews, that in a perforated Bladder the 
wrinkles continue as it there were no drawiog at all. 

And though he could deſcribe how ſuch a ſtring may be con- 
cext, = our Explication will have this adyantage in point of 
probability above his, That whereas he denies not chat the Air 
has Spring and Weight, as we deny his Funiculus to have any 
other then an imaginary exiſtence; and whereas he acknow- 
ledges that by the Inſtrument the Air about the Bladder is ex- 
hauſteds to ſhew that there needs no more then char, and conſe- 
quently no Funiculws, to draw aſunder the fides of the Bladder, 
we can confirm our Explication by the formerly-mentioned Ex- 
periment of che ingenioas Pſchall, who carrying a flaccid Foot- 
ball from che bottom to the top of a high Mountain, found ir to 
ſwell proportionably as he aſcended, and as the weight and pre(- 
ſare of the ambient Air decreaſed, and likewiſe to (ſhrink again as 
he deſcended, Aad yet in this caſe there is no recourſe to be 
had ro a Funicelws of violently-rarefi d Air to draw aſunder eve» 
ry way the fides of the Foot-ball. But however the Examiner 
will be able co defend his Explication, ic may ſuffice us that he 
has objeRed nothing againſt ours, | 


The 5. Experiment. 


Againſt the cauſe we afſign of the fifch Experiment he like- 
wiſe objes nothing, but onely —_— the breaking of the Blad- 
der 


7 ou | 
der to the ſelf-contraQRion of the rarefi'd Air in the Receiver; 
And therefore referring the Reader to what we have newly ſaid 
about the laſt Experiment, we will with our Author paſs over the 
fixch and ſeventh, to which he has no quarrel, and proceed to the 
eighch, 


The 8, Experiment. 


* This is that wherein we mention our having broke a Glaſs- 
Receiver, which was not globular, by the exhauſtion of moſt of 
the inward Air, whereby its debilicated preſſure became unable 
corefiſt the unweakned preſſure of the outward Air. But this Ex- 
plication the Examiner confidently rejeRs in theſe words, At pro- 
feos non videtur credibile, molliſſimum hunc acrem tam wvehementer 
vitrum (tant preſertim craſiitudinis quante ibidem dicitur) undiq; 
fic comprimere ut illud perfringat : 3s if it were more credible 
rhat the liccle Air within (which, according to him, is ſo much 
chinner then common Air) (hould be able to a more powertul- 
ly upon the Glaſs then the Air without, which himſelt confeſſes 
tO be a heavy body, and which not onely reaches from. the ſur- 
face of the Earch to the top ot the higheſt Mountains, buc which 
(as may nor improbably be argued from what we have elſe- 
where delivered) may, for ought we know to the contrary, be 
heaped upon the Receiver to the height of ſome hundreds of 
Miles, nay, to I know not how many thouſands, in caſe 
>er2'* the Armoſphere be not a bounded port!on of the Air, 
_*.  butreachas high as Ir. | 
Asfor the Explication he ſubſtitutes in theſe words, Yerius 
aq; reſpondetarideo fic frattum tſſe illud vitrum, quia per exhauſtio- 
nemillam latera tjus vehementizs introrſum fint attrafta, quam ut 
ob figuram illam reſiſtendo minus idoneam reſetere potuerunt. Cum 
enim incluſus der lateribus witri firmiſsime adhereat, nihil aliud erit 
airemillam fic exhaurire, quam ſatacere latera vitri introrſum fle- 
dere : By whit we have already diſcourſed?ibout the Funiculas, 
che Reader may eaſily diſcern what is to be anſwered, Nor 
does our Author here ſhew us any way by which bis imaginary 
ſtrings 


795) 
ſtrings ſhould take ſuch faſt hold of the ſides of the Glaſs, as to 
be able to draw them cogether notwichſtanding the reſiſtance 
they find from the cloſe rexture of the Body to be broken. 


The 9. Experiment. 


Out Explication of the ninth Experiment he handles very ſe- 
verely : for having briefly recited it, he propoſes his ObjeRion 
againſt it thus, Sed profetFo nimis longe widetur hoc a weritate rece- 
dere : poteſlq; wel inde ſolum ſatis refutari , quia ſi tanta ſit preſſure 
airs fic per tubum illum in phialam deſcendentis, ut ipſam phialam 

er fringat, debertt profeFFoincluſam aquam, cui immergitur ille tu- 

ue, valde quoq; ante frattionem phials commovere, bullulaſg, in ea- 
dem excitare, &c. ut confat, ſiquis, inſufflando per illum tubulum, 
aquam vel mediocriter fic premat. At certum eſt aquam, antequam 
franeatur ſic phiala, nec tantillam moveri : ut experiemti conflabit. 

Bur, I do confeſs, I do tor all this think our Explication more 
true, then well confidered by our Author. For the putting of 
water into the Vial that was broken, was done (as is clearly inti- 
mated inthe beginning of our Narrative) upon a particular de- 
ſign (as indeed we tryed divers other things with our Engine, 
not ſo much with immediate reference to the Spring of the Air, 
as to make uſe of ſuch Tryals in ſome other of our Writings.) 
And accordingly in the ſecond Tryal mentioned in the fame Ex- 

periment the water was omitted. Bur, notwithſtanding this 
water, the ſides of the Glaſs being expoſed co the preſſure of the 
Atmoſphere, had that whole prefſure againſt them before the 
exhauſtion of the Receiver ; ſo that there needed no ſuch blow- 
ing in of the Air afreſh as our Author imagines, to effec the 
breaking of che Vial, ic being ſufficient for that purpoſe, that the 
preſſure againſt the convex ſwperficies of it was taken off by the 
exhauſtion of the Receiver, the preſſure againſt the concave ſ#- 
perfictes remaining as great as ever, And therefore we need not 
alrogether deny what the Examiner (ayes, that Licet clauſms [u+ 


perne fuiſſet tubulus ille, eodem tamen modo fratta ſine dubto fuiſſet 
kk 2 phiala. 
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phiala. For, fince in ſach caſes the Air (as we haye often taught) 
is ſhut up with the whole preſſure of the Acrmoſphere upon it, it 
may almoſt as eaſily break the Glals as it ic were unſtopt. And 
accordingly we mention in the 36. Experiment the breaking of 
a thin Glaſs Hermetically ſeal'd upon the receſs of the ambient 
Air. But, how confidently ſoever our Author ſpeaks, I chought 
fit to adde the word almoſt, becauſe we obſerved in the 39, Ex- 
periment, that ſuch thin Vials (and thick ones will not break) 
are ſubj<& upon the withdrawing of the ambient Air toretch a 
lictle, whercby the Spring of the Air within the Vial might in 
ſome caſes (I ſay, in ſome) be ſo far weakned as not to be able 
to break it, unleſs aſſiſted by che preſſure of the Atmoſphere 
wherewith it communicates, and which leans upon ir. And 
when the Vial does aRually begin to break, then the purſuing 
preſſure of the outward Air upon the yielding Air withia the 
Vial may help to throw the parts of the Glaſs more forcibly 
aſunder, 

All che Experiments from the 9, to the 17, excluſively our 
Examiner leaving uncenſured, we may with him adyance to the 
conſideration of the 17. 


The 17. Experiment defended, 


In this we relate how, when we made the Torrice/ian Experi- 
ment, we ſhut up the reſtagnant Mercury together with the Tube 
and the ſuſpended Mercurial Cylinder (of about 29, Inches) in- 
our Receiver, that by drawing off and letting in the Air at 
pleaſure upon the reſtagnant Mercury, and conſequently. weak- 
ning and increafing its preſſure, we might make it more clearly 
appear then hitherto had been done by Experiment, that the ſuſ- 
penſion of the Mercurial Cylinder, and the height of it, depend- 
ed upon the greater or leſſer preſſure of the Air. But againſt 
our Explication of this Experiment (which has had the good for- 
Tune to convince and (atisfie many ingenious men).the Examiner 
objeRs nothing io particular, contenting himſelf co haye recourſe 
here 


” & 


here alſo to his Funiculmw, Yet two obſervations of ours he is 
pleaſed ro take notice of. 

The firſt is, that though the Quickfilyer were exaR!y ſhut up 
into our Receiver after the maerner newly declared, yer che ſuſ- 
pended Quickfilyer did not deſcend: whence having ſaid that L 
argue, that it is now ſuſtained not by the Counterpoiſe of the 
Atmoſphere, but by the Spring of che Air ſhut up in che Recei- 
ver, he ſubjoyas onely this, Sed redtius ſane infertur, Cylindrum 
ilum nihil ibidem antea preſtitiſſe. - But whether this be not gr4- 
ts dium we leave the Reader to colleR from what we bave tor- 
merly diſcourſt in the ſecond Part of this Detence 'of the Spring 
of the Air ; eſpecially trom. that Experiment ; by which it ap- 
pears, That Spring may ſuſtain :a far higher Cylinder of Quick- 
filyer, 

Ia the ſecond Obſervation he mentions of ours, he ſummarily 
recites our Explication of the deſcent and aſcent of the Mercury 
in the Tube, by the debilitated and ſtrengthned Spring of the 
Air, But without finding fault with. our application % that - 
principle to the Phenomena, he (ayes that he has ſufficiently. re- 
tuted the principle it ſelt in the fourth Chapter, (which how well 
be has done we have already ſeen) and therefore explicares the 
matter thus z Dico #gitur (ayes he) 4rgentum per illam exhauſtia- 
nem ſic in tubo deſcendere, quod deorſum traha: ur ab azre qui incum« 
bit argento reſlagnanti : fiquidem incumbens ille 4zr jam per exhau- 
ftionem walde rarefatt us Tz extenſus, ſeſe vehementer contrahit, & 
contrahends conatur etiam (ubjeitum ſibi argentum reſtagnans & ſuo 
vaſculo elevare,unae fit ut (argento ills reſtagnante minus jam gravi- 
tante in fundum ſui vaſculi) argentum quod eſt in tubo deſcengat ; 
ut per ſe patet. Adeoq; mirum noneſt, quod, zngrediente poſtea aire 
externo, rurſam argentum aſcendat, cum per illum mmgreſſum vis illa 
fic elevans argentum reſtagnans debilitetur. Bur this Explication 
ſuppoſing ſuch a Fuxiculus as we have already ſhewn to be but 
fictitious, the Reader will eafily gather what is to be judged of 
it from what has been already delivered, Wherefore Ihall one- 
ly ſubioyn,. that by this Explication, were it. admutred, there is 
onely 


onely an acconnt given of that part of onr ſeventeenth Experi- 
ment which relates to the deſcent of the Merc#ry below its 
wonted height, and tits re-aſcenttoit, Buras for our having, by 
the forcing in ſome more Air into the Receiver, impell'd the 
Quickſilver to a conſiderably-greater height then 'tis wont to be 
ſuitain'd at in the Torrice/lian Experiment, I conteſs I underſtand 
not how the Examiner gives an account of it # the following 
words , (which are immediately annex'd to thole we laſt recited 
of his, and which are all chat he employes to explicate this no- 
table Phenomenon) Atq; hinc etiam redditur ratio alterius quod ibis 
aem queq,; notatur, nempe quod per violentam intruſuonem arts ex- 
terni in Recipientem, aſcenderit argentum notabiliter ſupra digitos 
29%, Nam ſicut per extrattionem airs argenium infra ftationem de- 
trahitur, ſic etiam per intruſuonem novi —_ eanders elewabitar, 
For in this paſſage I ſee not how he himſelf does not rather re- 
peat the matter of fa, then give any account how it is perform'd. 
And if it be alledged on his behaif, That according to his princi- 
ples igmay be ſaid thar,upon the preſſure of the advencitious Air 
upon the reftagnant Mercury, the Funtculus in the Tube, that was 
not able before to draw it up above 293. Inches, is now enabled 
ro draw it up higher; Idemand upon what account this new 
Air does thus preſs againſt the reſtagnant Mercury, and impell up 
and ſuſtain that in the Tube. Ir will not be ſaid that tis by its 
weight ; for as mach Mercwry as may be thus impell'd up above 
the uſual ſtation will weigh a great many times more then the 
Air forc'd into the Receiver. And theretore it remains that the 
additional Air counterpoiſes the additional Mercury by irs Spring, 
And if we confider withall, that there's no reaſon co doubr, 
(eſpecially confidering what we haye formerly delivered upon 
tryal rouching rhe power of compreſt Air to impell up Quickfil- 
ver) but thar, had we not been atraid of breaking our Veſſel, we 
might by forcing more Air into the Receiver have impell'q it 
up to the top of the Tube, and kept it there z we ſhall ſcarce de- 
ny but thar, ſuppoſing there could be no ſuch Firioulss as our 
Examiner's in rerum natnra, the preſſure of the _ Air 
alone 


alone might ſuffice to keep a correſpondent Cylinder of Mercury 
ſuſpended : and that without any attraRtion of the reſtagnant 
Mercury by a Funiculus of violently-diſiended Air in the Recei- 
ver, the Quickſilver in the Tube may be made to reſt at cny 
height greater or leſſer, provided it exceed 30. Inches, oneiy be- 
cauſe its weight is juſt able to counterbalance the preſſure o: the 
contiguous Air. 

i kaow not whether I may not adce (to expreſs 2n unwilling- 
neſs to omit what ſome may think proper to do my Adverſary 
right) that it may be ſaid for the Examiner, that he in che 11, 
page acknowledging with us a power in the Air to recover its 
due extenſion it it be crouded into leſs room then its diſpoſition 
requiresz a man may from that principle ſolve the Phenomena in 
queſtion by ſaying, that the Air in the Receiyer being forcibly 
compreſt by the intruſion of freſh Air into the ſame veſſel, does 
by its endeavour t@ recoyer its due expanſion preſs upon the re- 
ſtagnant Mercury, and force up ſome of it into the Tube. Bur 
this Explication, though ic agree wich what the Author teaches 
in a place very diſtant trom his Notes upon our 17. Experiment, 
now under debate; yet ſtill 'ris not clear to me how, by what he 
ſayes in theſe Notes, the Phenemenos is accounted for as the 
word Hinc imports it to* be. But otherwiſe I need not quarrel 
with the Explication, ſince without recurring to the Funiculss 
tor the ſuſtaining of the additional Mercury, the ſolution of the 
Phenomenon is given upon the ſame principle that I employ, 


The 18, Experiment. 


Our Examiner in his Animadverſion upon the 18. Experi- 
ment, having recited my Conjecture at the cauſe why a Cylinder 
of Mercury did in Winter riſe and fall in the Tube, ſometimes as 
Water is wont todoin a Weather-glaſs, according tothe laws 
of heart and cold, and ſometimes quite contrary thereunto z adds, 
that this Experiment does ſtrongly enough overchrow our Hypo- 
this of the Atmoſpherical Cylinder, and clearly ſhew that rhe 


Quick- 


Quickſilver is not ſuſtained by it : Nam (ſayes he) fi hic ab eo ſu- 
ſtentatum fuiſſet, debgiſſet potius frigidiore tempore aſcendere quans 
d ſcendere, eo quod air tunc multo denſior eſſet & gravior. 1taq non 
ſuſtentatur argent; ab airis aquipondio,ut aſſeritur, And by the ſame 
Argument he concludes againſt the Mercury's being ſaſtained by 
che Spring of the Air, But in his Animadverfions upon this 
Experiment he ſeems to have been too forward to reprehend ; 
tor he neither well confates my ConjeRure, nor ſubſtirutes ſo 
much as a plauſible one ia the ſtead of it. And as to his ObjeRi- 
on I an(wer, 

Firſt, That it doth not conclude : becauſe that as ſometimes 
the Quickſilver in the Tube did riſe in warmer, and fall in colder, 
weather; ſoar other times it did rather emulate the aſcent and 
deſcent of water in a Weather-glaſs, 

Secondly, Though it be true, that Cold is wont to condenſe 
this or that parcel of Air, and that a parcel of Air may be made 
heavier by Condenſation; yet that is in regard of the ambient 
Air that retains its wonted laxity, in which the condenſed Air is 
weighed. But our Author has not yet proved, that in caſe the 
cold of the Winter ſhould condenſe the whole incumbent Armo- 
ſphere, ic would then gravitate ſenſibly more upon the reſtag- 
nant Quickſilver then before. As a Pound of Wooll will noc 
ſenſibly vary its weight, though the hairs whereof it- is com- 
poſed be made to lye ſometimes in a looſer, ſometimes in a clo- 
ſer, order. 

And, thirdly, this ObjeRion does as little agree with his 
Dogrine as with my ConjeRure: For in the 50. page, where 
he gives us an account according to his principles of the rifing and 
falling of water in a Weather-glaſs, and compares it wich the 
ſuſpenſion of Quickſilver, he cells us, Hizc fit quod, contratto hoc 
funiculo per frigus,aqua ilia tempore frigido aſcendat, deſcendat aw- 
tern temppore calido, eo quod per calorem funiculss ille dilatetur, $0 
that, according to the Examiner himſelf, the Quickfilyer ooght 
to have aſcended in colder, and deſcended in warmer, weather. 
Now,although I propoſed my thoughts of the difficult Phene- 


menos 
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wenon under confideration but as a ConjeRure, and therefore 
ſhall be ready to alter them, eicher upon further diſcovery, of 
better information z yet I ſee not why it ſhould be poſt-poſed to 
the Examiner's, who, though he rejeRs our Explication, ſubſti- 
rutes no other then what may be gathered from theſe words, 
Ego certe now dubits quin dentur hujnſmodi occulte cauſe, quibus 
funiculus ille ſubtilis, quo in tubo ſuſpenditur argentum (ut ditFum 
eſt capite decimo) moao producater, modo abbrewiatur, &c. ficqs ar- 
entum nunc demittat, nunc elevet. For, fince we have made it 
probable that the copious Fumes, ſometimes ſuddenly aſcending 
into the Air, androlling up and down init, ſometimes ſenſibly 
altering (if good Authors may be credited) the refraRion of it, 
and fince ſome other cauſes, mentioned in our eighteenth Expe- 
riment, may alter the denficy and gravity of the Air that leans 
upon the reſtagnant Mercury ; I ſuppoſe the Reader will chiak ic 
more intelligible and probable, that alterations, other then thoſe 
produced by heat and cold, may happen to the incumbent Ar- 
moſphere, which freely communicates with the neighbouring 
Air, and may thereby become ſometimes more ſtufft, and ſome- 
times more deſticute of adyentitious Exhalations ; then thar 
ſuch changes ſhould happen to a Funiculvs included in Gl3ſs, 
which according to our Author is impervious to the ſubtileſt 
ſteams that are, and concerning which he offers not ſo much as 
a ConjeRure upon what other account it can happen to be ſome- 
times contracted, and ſometimes ſtretch'd. 


The 19, Experiment, 


Upon this che Examiner has onely this ſhort Animadverſion, 

In decims nono oſt endit aquam todem mado per exhauſtionem Recipi= 
entis deſcendere, quo in pracedemte deſcendere oftenderat argentum 
wvivum ; cujus cum eadem ſit ratio, non eft cur amplins ei inſeſtamus. 
In which words fince he offers nothing new or peculiar ro ſhew 
any incongruity in our Explication to our principles, which agree 
very well with the new Phenomens of the Experiment z we are 
Il content 


(32). 
content to leave the Reader to judge of the Hypotheſes them- 

ſelves, which of the two is the more probable, either ours, that 
onely requires that the Air in the Recetver ſhouid equally'refiſt 
a Cylinder of Water and of Quickſilver, when cheir weight is 
but the ſame, chongh their alticudes be not z or the Examiner's, 
which exRs thar (according to what we tormerly elſewhere no- 
ted) Bodies of ſuch differing nature and texture as Quickſilver 
:nd Water ſhould need -bur juſt :the'ſame weight or-ſtrength to 
rarefle them into a Funiculns, 


The 20. Experiment, 


In his Examez of this Experiment our Author makes me in- 
fer from the Phenomena he repeats, that not onely the Air, bur 
the Water alſo has a Spring. Butthough I ſuſpect not that he 
does wilfully miſtake my ſenſe, yet by what I wrire'm chis and 
the following Experiments the Reader may well enough per- 
ceive, that 1 ſpoke but very doubtfully of a Spring in the warer z 
nay, andrhat'l did in the 154. page expreſly teach, That thein- 
rumeſcence of ir mighr (at teaſt in great part) proceed from that 
ot the ſmall parcels of Air, which I thought to be uſnally har- 
boured in the body of that liquor, 

But whereas I aſcribe rhe appearance of che Bubbles in the wa- 
ter tothis, thit upon rhe exhauſtion of ſome of rhe Air incum- 
bent on the water, the preffare of what remain&is much de- 
bilitated, whereby the little Particles of Air lurking in the Water 

are allowed to expand themſelves into bubbles, he re- 
= ba. jes chis Explication as manifeſtly falſe : Nam (ſayes 

10 he) fs ita fieret, deberent profetts hujuſmodi bullule non t 
fund waſis fic afcendere, (utitam in hoc quan in ſequemibus expert- 
ments in qnibus de iſtis bullis agitur ſemper aſſeritur) ſed 2 ſupertore 
parte aque,ubi minus premuntur,ut per ſe eft menifeſium, But why he 
ſhould be here ſo peremptory I confeſs I donor, tor all this Ob- 
zeion, yet fee : For in the bottom of the nexr page he iſayes, he 
will not deny bur that Aerial Partickes latirant in che other parts 
of 
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of the warer (he had betore fpoken of the bottoms: of it) may be 
extended iaro. bubbles by his way of RareftaRtion, And that w£ 
particularly mentioned che rifing of bubbles, even from the bot- 
rom of the water, was becauſe that circumſtance ſeem'd to de-: 
ſerve a peculiar note 3 and not (as he ſeems to imagine) as if the 
bubbles did not alſo riſe from the ſuperior parts of the liquor, 
fince we did take notice of it about rhe middle 

of the 149. page. And we often in this and $** a1'o in the 43. 
the tollowiog Experiments obſery'd, that the fo kd this EF- 
aſcending bubbles grew bigger the nearer they frrveſcence was (0 
came to the top. Which agrees more clear- | > vennonkes. al, = 
ly with our Hypotheſis, wherein their conſpicu- alſo, — The Efferve- 
ous ſwelling as they aſcend is attribured more /{ohee was conf 
tothe leſſening of the preſſure of che incum- war, unteſ*, &+. 
bent Air chen to. the decrement of the 

weight of the incumbent water, (fince when the ſurface of this 
liquor is lean'd upon by the Armoſphere, the aſcending bubbles 
ſcarce ſenſibly increaſe in Veſſels no deeper then ours) then wich 
the Explication which the Examiner gives in theſe words, Re- 
ſpondeo, aquam per illam airis exhauſtionem non ſponte ſic aſcendere, 
ſed [urſum wiolenter trahi, ac elewvart 4 rarefatto illo acre ſeſe contra- 
bente. Quemadmodum enim aqua aliqualem patitur compreſſronem ( ut 
expertentia conſtat) ita & aliqualem quaq hic patitur, drſtenſionem. 
Aigqz hinc clare patet, cur potius a fundo vaſis quam a parte aque ſu- 
pertore ortantur bujuſmodi bulls. Cum enim wehemens ilia ſuttia 
conetur 4quam 4 fundo puiale elevare, naſcitur ibidem ſubtilis que» 
dam materia que in buil.s converſa ſic aſcendit, uti capite decimo 
quinto in quarto Experimento difium eſt. For, whatever he may 
think, it does not hence ſo clearly appear how the endeavour 
onely of the Funiculus to draw up the water trom-the bottom of 
the Vial, ro which, that endeavour notwichſtanding, it remains 
contiguous, ſhould generate in ſome parts of the bottom of rhe 
Glaſs, and not in.others, ſuch a ſubtil matter as he tells us of. 
And 1 ſuppoſe the Reader will, as well as I, with, he had more 
intelligibly declared how this ſtrange generation ot ſubtil matter 
>| 2 comes 
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comes to be effeted. And I preſame it will likewiſe be ex- 
eRed that he alſo declare, why both in our caſe and in the Tor- 
ricellian Experiment the bubbles grow ſo much larger by being 
nearer the cop of the liquor z it, as he reje&s our Explication of 
this Circumſtance, the effe& of the ſuction he ſpeaks of be great- 
er upon the lower part of the liquor then the upper, to which 
alone nevertheleſs his F#xicslus,that is ſaid fo to draw the liquor, 
15 Contiguous. 
Our Author making no particular ObjeRion agaiaſt the 10, 
following Experiments, we alſo ſhall paſs them by, and fall with 
him upon the conſideration of the 31. Experiment. 


The 31, Experiment. 


Upon this our Author having recited our ConjeRure at the 
cauſe why two very flat and ſmooth Marbles ſtick (o cloſely to- 
gether,thar by lifting up che uppermoſt you may take up alſo the 
lowermoſt, approves my way of examining that ConjeRure. Bur 
whereas I ſay that che reafon why, though theMarbles were kept 
together by the preſſure of the ambient Air, yer they did not fall 
aſunder in our exhaufted Receiver, no not though a weight of 4+ 
Ounces were hung at the lower ſtone,might be,that by reaſon of 
ſome ſmall leak in the Receiver the Air could nor be ſafficiently 
drawn out : yet he tells us with his wonted confidence, Certum 
eſſe, ſententiam illam wel hoc ſolo Experimento ſatis refelli, But 
poſſibly he would have ſpoken leſs reſolutely, if he bad made all 
the tryals about the adheſion of Marbles that we relate our 
ſelves to have made in the ſhort Hiſtory we have publifh'd of Flu- 
idity and Firmneſs. For our Examiner ſpeaks as if all that we 
aſcribe to the Air in ſuch Experiments were to ſuſtain the lower 
Marble wich the weight perhaps of a few Ounces: Whereas in 
caſe the Air be kept trom getring in at all between the ſtones, it 
may (according to our Hypotheſis) ſuſtain a Weight either alto» 
gether or well-nigh equal to thar of a pillar of Air as. broad as 
whe Baſis of the lower Marble, and as long as the Acmoſphere is 


high, 


high,or to the weight of a pillar ofQgickfilver of the ſame thick- 

neſs, and about 30, Inches long; theſe two pillars appearing by 
the Torrice/lzan Experiment to counterpoiſe each other. An1 
therefore ſince in the ſeventeenth Experimenrt,when we had ex- 
hauſted our Receiver as far as we could , there remain'd Air 
enough to keep up in the Tube a Cylinder of about an Inch long 
of Quickſilver 3 and fince the broader the contiguous Marbles 
are, the greater weight faſtned ro the lowermoſt may be ſaſtain'd 
by the refiſtance of the Air, (asis obvious to him chat conſiders 
the Hypotheſis, and as we have proved by Experiment in the 
forementioned TraR) it need be no wonder that the Air re- 
maining in the Receiver ſhould be able to ſupport the lowermoſt 
Marble, whoſe Diameter was near two Inches, and a weight of 
four Ounces, thoſe two Weights being inferior to that of a Mer- 
curial Cylinder of that Diameter and an Inch in length. And 
though it were not; yet we are not ſure that the Receiver was as 
well emptied when we made the 31. Experiment, as when we 
made the 17. And (if my Memory does not much miſ-informe 
me) 'twas with the ſame pair of Marbles that in the preſence of 
an illuſtrious Afſembly of Yirt#oſ (who were Spectators of the 
Experiment) the uppermoſt Marble drew up the lowermoſt, 
though rhat were clog'd with a weight of above 430. Ounces. 

As for the account the Exam'ner ſubſticutes of our Phenome- 
on, I know not whether many Readers will acquieſce in it-: For, 
not to inſiſt upon the ObjeRion which bimſelt takes notice of, 
that according to him the diſtended Air in the Receiver ſhould 
draw aſunder the adhering Matblesz his Explication ſuppoſes 
that there cannot naturally be a Yacuwm, whence he inters that, 
Neceſſe erat wt laps ie non alter deſcenderct, quam relinquendo poſt 
ſe tenuwem bujuſmodi ſubſtantiam, qualis ab.argento Tivo aut aqua 
ſic deſcendentibas relingwt ſolet, But whereas he adds, that the 
cauſe of the obſtinate adheſion we meet with in our caſe is, thar 
ſuch a ſubſtance is far more difficult.to be ſeparated from Marble 
then from Quickfilyer or any other kind of body z that Aﬀer- 
tion.is- precarious. And though I have tryed Experiments of 
this 


this nature with tones of ſeveral. ſizes, perhapsan bundre@ 
times, yet I never could find that by their coheſion they would 
ſuſtain a weight greater then that of a Pillar of the Acmoſptere 
that preſt againſt the lowermoſt : Which is a conſiderable Cir- 
cumſtance, that much better 2grees with our Explication then 
our Adverſaries, And whereas he further ſayes, Undeexiſtimg 
plant, ſi perfettt complanata {uerint duo marmora fic conjunita, ita 
ut nullus omning air inter utrumq; mediaret, non poſſe ea uilis huma- 
ni vinibus ab invicem divelli : I hope 1 need not tell the Reacer, 
that whether or no this agree with what he had immediacely be- 
fore taught of the ſeparablenefs of a ſubtil fubſtance even from 
Marble, fo bold and improbatle an Afertion requires the being 
countenanc'd with a much better proot then the onely one he 
ſubjoyns in theſe words, ti etlam confirmat exemplum quod ibi- 
dem adducit Author de lamina 4nta, tabule cuidam marmoree ita 
adherente, ut 4 lacertoſo juvene, de ſuis viribus gloriante, non patue- 
r1t per annulum centro «ji affixum indeelevart, For (ure there is 
oreat odds bertwixt the ſtrength of a man unaffiſted by any En- 
gine, and the urmoſt extent of Humane Power. And indeed 
according to oar Hypotheſis, and without having recourſe to Na- 
tures Creacing of a'Yacwwms, the cale is clear enough : For, ſap- 
poſing the Plate to be of any contiderable breadth, the Pillar of 
the Atmoſphere chat lean'd upon it, and moſt at che inſtant of its 
deſerting the ſuper ficies of the Table all at once be lifred up with 
it, may well exceed the force of a fingle man, eſpecially in an 
inconvenient Peſture ; fiace by the cohefion of a pair of Marbles 
of about ttiree Inches Diamerer, Idid with my own hands take 
up above a thouſand and three hundred Ounces, 


The' 32, and 33. Experiments. . 


Ag1inſt our Explication of theſe two, which our Author exa- 
mines together, he objects nothing peculiar, bur contents bim- 
ſelt to explicate them by his Faniculus : Wherefore neither ſhall 
w:nedco hame any pecukar defence for it, eſpecially if the 
Reader 
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Reader will be pleaſedto refer hither as much of what we op- 
pos'd to his Animadverfion on the third Experiment as is juſtly 
applicable to our preſent Controverſis, Our Author inceed 
endeavours-to prove his Explication by ſaying, that the Ciſtend- 
ed Air in the exhauſted Cylinder draws up the Sucker with che 
annexed weight, Eodem fere mods quo videmus in cucurbitulis dorſo 
e2r0tanits applicatis, tm quibus, extinita jam flamma, rarefatFus acy 
ſecontrahens carnem tam vehementer, uti widemus, elevat attrahitqy 
intra cucnrbitulam, Bur that Phenomenon is call, enough expli- 
cable in our Hypotheſes,by ſayingythat uponthe vaniſhing of char 
heat which ſtrengthned the preſſure ot the included Air, the 
Spring of it grows too weak to refiſt any longer the preſſure of 
the ambient Airz which thereupon thruſts the fleſh and neigh- 
bouring bloud of the Patient into the Cupping-glafs, almoſt at- 
ter the lame manner as we formerly taught the Pulp of the Fin- 
ger to be thruſt iaro rhe deſerced Caric .of the Glaſs- Tube in 
the Torricellian Experiment, 


The 34, 35,0d 36. Experiments. 


To theſe our Author'ſaying nothing but this, In his tribes ory 
hil pecultariter occurrit hic explicandum, cujus ratio ex jam didtis 
non factle pate«t ; we aKo may be allow'd topretermic them, and 


paſs on to 
| The 37. Experiment. 


Of the appearance of Light or Whiteneſs, mentioned in this 
Expetiment, the Examimer confeſſes that we have aſſigned a 
cauſe probable enough, by referring it to the vehement and ſud- 
den commotion of the included Air, -And indeed though 1 do 
ſill look upon ſome of the things'thar T hefirancly propos'd 
about this difficule Phenomenon but as meer ConjeQures, and 
though he annexes his Explicarion of it 4 yet Iſee not bur that 
it is coincident with onrs, -or not better then ic, For, to what I 
had ſaid of the Commorion of the parts of the Air, he adds onely 
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if two or three ſeveral places their being violently diſtended 
which how it improves the Explication of the Phenomenon I do 
not readily ſee. And whereas he ſubjoyns, Exiftime eutem di- 
cendum potius candorem illum eſſe lumen quoddam reflexum, quans 
innatum, «6 quod (ut teſtatur Author) in tencbris non appareas, ſed 
ſolum de die aut accenſa candela : 1 preſume the atrentive Reader 
will eafily diſcern that his Opinion is mach-what che ſame char I 
propos'd and grounded on the ſame reaſon. But che chief diffi- 
culty in this abſtruſe Phenomenon, namely why we meet with ic 
but ſometimes, our Examiner'sExplication leaves untouch'd. 


The 38, and 39, Experiments. 
Againſt theſe our Author makes no peculiar ObjeRions. 
The 40. and 41, Experiments. 


But in his Animadverſions upon theſe, having told the Rea- 
der that I ſeem co aſcribe the: ſudden :extinRian of the incladed 
Animals to the exceſſive thinneſs of the Air remaining in the 
Receiver, made by the receſs of what was drawn our, unfit for 
Reſpiration z he adds reſolutely enough, Yerum impoſi:bile wide- 
tur, ut hujuſmodi animalcula ob ſolums defetFum craſtiorts airis tam 
cito moriantur : but gives no other reaſon then that they dye (o 
ſoon, which is no more then what he ſaid in the newly- cited 
words, and befides is grounded upon ſomething of miſtake. For 
the Creatures he mentions were a Bee, a Flye, and a Caterpil- 
lar, and thoſe included rooin a ſmall Recefver, which could be 
ſuddenly exhauſted : and rheſe indeed became movele(s within 
a Minute of an Hour z-but that Minute was not (as the word is 
often us'd tofignifie in Engliſh) a Moment, but the Sixtieth part 
of an Hour. And though theſe Inſeas did in fo ſhort a time 
grow moveleſs, yet they were not ſo ſoon kill'd ; as appears by 
the Narrative» The ſanguineous Animals that did indeed dye, 
were kill'd more {lowly, And Iremember that having purpolly 


enquir'd 
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enquir'd of a man (us'd to go under water by rhe help of an En- 
gine wherein he conld carry*Air with him to the bottom of che 
Sea) how long he could endure, before he was 
accuſtomed to dive, withour breattiing or the uſe J** more concere 
of a'Spunge ; he told me, that at firſt be could Rio in the "4 
hold out about two or three Minutes at a time: ver toir 2536 
Which made me think that Divers become able £,52%* 27 
to continue under water ſo long, either by a pe- 
culiarly- convenient Conſtitution of body, or by a gradual exer- 
ciſe. And Iam apt to think that he did, as men are wont to do, 
when he ſaid two or three Minutes, mean what is indeed a much 
ſhorter time then that when exaly meaſured amounts to. For, 
having purpoſely made tryal upon a couple of Moles that were 
brought me together alive, one of them included in a (mall, 
though not very (mall, Receiver was becween two and three Mi- 
nutes in killing z whereas the other being immediately after de- 
tain'd under water did not there continue tull a Miaute and a 
quarter, before it finally ceas'd from giving any figa art all of life. 
By which cryal it may appear, that'tis not impoſſible that the 
want of Reſpiration ſhould diſpatch an Animal ia as little time as 
is mentioned in the Experiment Iam now defending. And in- 
deed our Author either ſhould have proved that 'tis not poſſible 
for the want of Air to deſtroy Animals (o ſoon, or ſhould have 
given us ſome better account of the Phenomenon. For whereas 
he teaches us, that according to his Doctrine the lictle Animals 
above-mentioned were ſo ſoon kill'd,qu/4 = rarefattum illum a= 
rem ſeſe contrahentem extratFus ſit eorum halitus : I (ee not that 
hereby, if he explicate the Phenomenon otherwiſe then we, he 
explains it better; for he ſeems to ſpeak as if he rhought this 
halitus ro be ſome peculiar part of the Animal in which his lite 
reſides. And befides he ſeems not to conſider, that whereas, 
according to me as well as according to him, the Air contained 
in the Lungs (ſuppoſing theſe Animelcula have any) muſt in 
oreat part paſs thence into the Receiver, (for whether that be 
lone by the Spring of the Airit ſelf, that was harboured in the 
-- mm Lungs, 


Lungs, or thfe tration of the more rarefi'd Air in the Receiyer, is * 
not material in our preſent caſe) the Examiner muſt, as well as I, 
render areaſori why the extenuation or receſs of the halitms ſhould 
canſe the haſty death of the included Animals ; and condemaing 
my Conjecture he ought to have tubſticuted another reaſon: and 
though he ſabjoyns theſe words, and concludes with them, Arg 
hinc quoq, ort# ſunt vthementes ille convulſionts, quas ante mortem 
paſſas 'ſſe aviculas quaſdam memorat ibidem Author ; yer I doubt 
not but the Reader will thiak ic had not been amiſs chat the Ayu- 
thor had more intelligibly deduc'd theſe Tragick Symptoms ' 
from his Aſſumption, tor the ſake of choſe that are not Anatoe 
miſts and Phyſicians enough to diſcern how his. Funicslws could 
produce theſe <ffets, | 

For my part, as in the 41. Experiment I tender'd my thoughts 
concerning Reſpiration buc doubringly, fo I am yet unwilling to 
determine reſolvedly in a maccer of that difficulty. 


F 
The 42, and 43. Experiments. 


In his Examen of theſe two laſt of our Phyſico- Mechanical 
Experiments, the Author contents himſelf ro endeavour to ex- 
plicate the Phenomena. recited in them by the contraQion of the 
rarefi'd Air z which,according to him,endeavours to draw up the 
ſubjacent. water out of the Vial, whereby ic vehemently diſtends 
che parts of chat water, as he taught in the like caſe upon the 20, 
Experiment. But fince we have already conffder'd his Animad- 
verſion upon thac, although this preſumed diſtenſion of the water 
is not viſible that we have obſerv'd, when cold; water, that has 
been firſt freed from his interfpers'd Air, is put into the Recei- 
ver, notwithſtanding that the Funiculws ſhould in that caſe alſo 
diſtend ity we are ſoafraid of tiring out the Readers-patience by 
the frequent repetition of the ſame things,. that we. will leave it 
to him co judge which of the two Explications, the Examiner's 
Qr.ours, is to be preferred, without troubling him and out ſelves 
with defence of Accounts. againſt which our Adverſary does not 
here make any peculiar Objections. _ Aad. 
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And thus bave we by Gods aſſiſtance conſidered what the 
Exam'ner hath been pleaſed co oppoſe: either againſt our parti- 
cular Explications, or againſt the Hypotheſes that divers of them 
ſuppoſe : Wherein I have been the. more. particular and prolix, 
becauſe I would willingly excuſe my (c't and others from the 
crouble of any more Diſputes of this kind, ' I hope there is nor 
in my Anſwers any thing of Aſperity to be mer w:th 5 for I have 
no quarrel to the Perſon of the Author, or his juſt repurations 
nor did I intend co uſe any more treedom of Speech in the an- 
ſwering his ObjeRtions, then his reſolute way of propoſing divers 
of them made it on thoſe occaſions needtul for the Caution of 
choſe Readers who are not acquainted with our differing wayes of 
writing, 2nd perhaps have not obſerved chat ſome men are wont 
to conſider as much what they propoſe but withia?erhaps,or ome 
{ach expreſſion of diffidence, as others do what they; Celiver far 
more reſolutely, And though being very tar trom being wedded 
ro my Opinions, I am ſtill ready to exchange them for better, it 
they ſhall be duly made out to me, (which I think it poſhible 
enough they may hereafter be 3) yet peradventure the Reader 
will think with me, that the Examiner has not given me cauſe to 
renounce any of them, fince the ObjeRions he has propos'd 
againſt me have been ſufficiearly anſwered, and ſince the Hypo- 
theſis he would ſubſtitute in the room of ours (beſides thar it is 
partly precarious) ſuppoſes things which divers of the eminent- 
eſt Wits of our Age (otherwiſe of differing Opinions) proteſs 
they cannot admit or ſo much: as underſtand : whereas the 
Weight and Spring of the Air are not denyed by our Author 
himſelf, and are demonſtrable by Experiments that are not con- 
troverted betwixt us. Which things l repreſent for the defence 
of what 1 think the Truth,and not to offend my learned Adver(a- 
ry,who ſhall have my tree conſent to be thought to have fail'd ra- 
ther in the Choice then in the —_— of the Controverſie, 
Though ſince This paſſes tor his firſt Book, and (ince conſe- 
quently he is not like to have been provoked, or engaged in point 
ot Reputation, to challenge me or any of thoſe tar more emi- 
nent ; 


nent Perſons he has nam'd among his Adverſaries, Iam indac'd 
by the ſeverity wherewith I have known eminent Yirrwſs ſpeak 
of his Attempts, and particularly of his Fe#iculws, to tear that 
ſome of thoſe he has needlefly oppos'd, will be apt to apply to 
him that of St. Aſtin againſt ſome of his Adverſaries, that had 
diiputed againſt him with much more Subtilry chen Reaſon, 
In mala cauſa non poſſunt aliter, at malam cauſam quis eos coegit ha- 
bere ? But this notwithſtanding I am, as I was going to ſay, con- 
tent my Adverſary ſhould be thought to have ſaid for his Prin- 
ciples as much as the Subject will bearz nor would I have it made 
his Diſparagement;that I have declared that his whole Book has 
not made me depart from any of my Opinions or Explications, 
ſince his Hypotheſss and mine being inconliſtenc,it may be looked 
pon as a ſign rather rhat each of us have, then that either of us 
have not, reaſon'd cloſely to his own Principles, that the things 
we infer from our contrary Suppofitions do ſo generally diſ- 
agree. | 


RAREFACTION. 


Set He chief Arguments of the Author of a cer- 
SY tain Treatiſe De corporum inſeparabilitate, 
$9 whereby he endeavours to invalidate the Hy- 
rey potheſis of the Weight and Spring of the Air, 
My and to ſet up and eſtabliſh inſtead thereof an 

| unintelligible Hypotheſss of ActraRtion, perfor- 
| med by I know not what ſtrange imaginary 
Funiculws, are onely Five, two againſt the former, and three 
for the lacer, The firſt of which is, That the Weighc and Spring 
of the Air are not ſufficient to perform the Effects aſcribed to 
them: The ſecond, that could they be performed by that Hypo= 
theſss granted, yet the way of this ſtrange Spring ic ſelf is not in- 
relligibly explained or explicable by the Defenders of it, Now 
the former of theſe being little elſe bur a bare Affrmati- 
on, and the later bearing ſome *ſhew of Demonſtration, I ſhall 
endeavour to examine it asI find ir ſet down in his 20,21,22,23, 
and 24+ Chapters, to which (eſpecially the 23.) he very ofcen 
in his Book refers the Reader for ſatisfaRion, pretending there 
to evince that Rarefation cannot be made out any otherwiſe 
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then by ſuppoſing a body to be in 2,3.4,10,100, 1000, rT000009 


of places at the (ame inſtant, and adequately to fiil all and every 


one of role places. | 
Fuſt therefore, we will examine his Negative, and next his 
Affirmative, Arguments tor this ſtrange Hypotheſis. 

His Neg-tivc I find in the 20.Chapter,where he endeayours to 
contuce .he two wayes of explicating the RaretaQion and Sprin 
of the Air, nameiy, that of the Yacuiſts and that of the FPlenifts, 

Concerning the firſt of theſe we find him conclude it impoſ- 
fible, fi1ſt, becauſe he had before proved that there can be no 
Yacunm, which being done by a Circle (viz. There is no Yacuwm 
in the Tube becauſe Nature abhors a Yac#wm, and we ſee Na- 
ture abhors a Yacuum becauſe ſhe will not ſuffer a Yacuums in the 
Tube above the Mercury, þut to prevent it will continually ſpin 
the Quickſilver into ſupe fictes, and never diminiſh the body of it) 
will ſuffer me to paſs ro his nexr, which is, That this way is falſe, 
becauſe in the Experiment of the Carps Bladder the Air is rare- 
fd a 1000. times bizger z nay, in reſpec of the body of Gold 
it has 1000000, times leſs matrer in equal ſpaces. And this, 
ſayes he, is a Phenomenon that is impoſſible ever to be made our 
by interſpers'd Vacaities. Now that the Vacuiſts cannot pre- 
fently, by fo bold an aſſertion as this, be made to forſake their 
Principles, he may perceive by theſe following Solntions which 
I thall give of all rhe Phenomens he recites, flowing naturally 
from an Hypothefis that I ſhall for the preſeac aſſume. Let us 
ſappoſe then the Particles of Bodies, ar leaſt thoſe ofthe Air, 
to be of the form of a piece of Riband, that is, to be very long, 
flender, thin and flexible 4##wixe, coyled or wound up together 
as a Cable, piece of Riband, Spring of a Watch, Hoop, or the 
hke, are : we will ſuppoſe theſe to haye all of them the ſame 
length, but forme to have a ſtronger,others a weaker Spring : we 
will furchec ſappoſe each- of theſe ſocoyled up to have ſuch an 
innare circular motion, as that thereby they may deſcribe a 
Sphere equal in Dizmetrer to their own, mach afrer the manner 
that a Meridian turn'd about the Poles of a Globe will deſcribe 
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by its revolation 2 Sphere of the ſame Dirmeter with irs own ia 
the Air. By this Circular motion rhe partes of the lamize tn- 
deavouring to recede from the Centre or Axis of their motton, 
acqu:re a Springinefs outwird like that of a Watch-Spring, ind 
would naturally flye abroad untill they were ſtreech'd our at 
lengch, but chat being incompiſt with the like on every ſide,they 
cannot do it without the: removal of chem, as not haviog room 
ſufficient for ſuch a motion. And che faſter this circular motion 
is, the more do the parts endeavour to recede from the Axis, 
and conſequently the ſtronger is their Spring or endeavour out- 
ward. Theſe ſpringy bodies thus ſhap'd and thus moved are 
ſafficient to produce all che Phenomena he names as impoſſible eo 
bz explicated. And, firſt, for the buſineſs of Expanſion, it will 
very naturally be explained by it: As lec us ſuppoſe for inſtance 
the Diameter of theſe ſmall coyled Particles of the Air 
(*hich being next the Earth are preis'd upon by all choſe nume- 
rous incumbent Particles that make up the Atmoſphere, and are 
thereby ſo crouded that they can bur very litcle untwiſt them- 
ſelves ; ler us ſuppoſe, I ſay, the Diameter of theſe Particles) £6 
be 555555550858 Of an Inch ; and thento be much of the form af 
thoſe repreſented in the 4, Figure by. A B C D: and chat theſe 
Particles, when a conſiderable quantity of the preſſure of che 
ambient parts is taken away, will flye abroad intoa Coyle or 
Zone ren times as big in Diameter as before z that is, they will 
now be 555555855575 Of an Inch in Diamerer, and appear in the- 
form of thoſe in the Figure expreſtby Z F GH - theſe Zones 
whirl'd round as the former will deſcribe a Sphere a 1000, times 
as big in bulk, and thereby fence that ſpace from being entred 
by any of the like Zones : this it would do, ſuppoſing thoſe 
Spheres did immediately alwayes toucheach other z bur becauſe 
of their circular motion, whenever they meet they muſt necefſ[a- 
rily be beaten, and flye off from one 2nother, and ſo require 2 
yet greater ſpace'to perform their motion in. This (uppos'd, 
thereare no Phenomena of Rarefiftion (which is enough at pre- 
feat to anſwer what he objeRs) but may be naturally and intelli- 
nn 2 gibly 
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- gibly made our. As firſt, for that of the ſwelling of a Carps 
Bladder, if we ſuppoſe ſome ſmall parcels of the former com- 
preſt lamine to lye latitant within the folds of it, and being much 
coyled up together ſcarce to take any ſenſible room, this Blad- 
der in the Air will appear to contain very little or nothing within 
its whereas when the preſſure of the Air is taken off in good 
part from the outfides of it, then thoſe formerly laticanc Parti- 
cles diſclole themſelves by lying open into much bigger Zones, 
ſo as perhaps to be able to defend a thouſand times bigger ſpace 
from being entred into by their like or any other groſs Parti- 
cles, ſuch as thoſe of the Bladder. Now becauſe the Pores of a 
Bladder are ſuch as are not eaſily permeable by the Particles of 
Air, therefore theſe lurking Particles ſo expanding themſelves 
muſt neceflarily plump out the fides of the Bladder, and (o keep 
them turgid uatill the preſſure of the Air that at firſt coyled 
them be re-admitted to dothe ſame thing for them again, 

Next, as for Rarefa&tion T heat, that will as naturally follow 
as the former trom this-Hypotheſis, For the Atoms of fire flow- 
ing inin great numbers, and paſſing thzough with a very rapid 
motion, muſt needs accelerate the motion of theſe Particles, 
from which acceleration gheir Spring or endeavour outward will 
be augmented, that is; thoſe Zones will have a ſtrong nitency 
to flye wider open, (tor we know that the (wifter any body is 
moved circularly, the gore do the parts of it endeayour tore- 
cede from the Centre of that motion) from whence if it has room 
will followa RarefaRtion. As for the conveyance of Light, thar 
being according to Epicurms performed by the local motion of 
peculiar Aroms, their motions to and fro through this medium 
will be leſs impeded by the rarefi'd Air then by the condens'd ; 
as indeed -ypon Experiment we ſhall really find chem. 

As for his third ObjeRtion drawn trom his ſuppoſed attraRive 
virtue of the thus: rarefi'd Air, that is quickly anſwered, by de- 
nying it tv have any power at all of attraRtionz and by ſhewing 
(which is already done) that whar: effets he would have to be 
performed by the attraRion of the included, is really done by the 
preſſure of the ambient, Air, 
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And, laſtly, the Phavomess of my Lord Zcons Experiment 
are ſufficiently. obvious and eaſe to be deduc'd, 

So then, by grahting Epicurae his Principles, that the Atams 
or Particles of bodies bave an innate motion and granting oor 
Suppoſition of the determinate motion and figure of the Aerial 
Particles, all the Phenomena of Raretaction and Condenſation, of 
Light, Sound, Hear, &c. will naturally and neceſlarily follow : 
and the Authors Objections againſt this firſt way of Rarefaion 
will ſignifie very little, | 

As tothe ſecond way of RarefaRion, by the intruſion or inter- 
vention of ſome ſubcil matter or «they into the ſpaces deſerted 
by the rareſying Particles, which is that propos'd by the Afer- 
tors of a Plenum, this allo is by the Author condemned, and 
branded with Impoſhbi.icy. And why ?, Firſt, becauſe 'cis- the 
ſayes) impoſſible that the above-mentioned Phenomena of the 
Carps Bladder can be explained by ir, Secondly, becauſe 'tis 
;mpoſſible to give a reaſon from it of the, impetuous aſcent of 
Water admitted into an exhauſted Receiver, And, Thirdly, 
becauſe 'tis impoſſible to explicate the Phenomena of Gun-pow- 
der. His Reaſons to confirm which three Impoſſibilities, be. 
cauſe drawn from a meer miſtake, or ignorance of thoſe Hypo- 
theſes which have been invented by the Aſſertors of that Opini- 
en, I (hall paſs over, and content my ſelt ro explain a way how 
the'e Impoſſibilities may become Poſlibilicies, if not Probabi- 
lities. 

And the way-that Iſhall take, ſhall be that of the moſt acute 
Modern Philoſopher Monſieur Des Cartes, publiſhed in his Phi- 
loſophical Works: Which is this, That the Air is a Body con- 
fiſting of long, flender,flexible particles,agitared or whirl'd round 
by the rapid motion of the Globnli Celeſtes, and the ſubtile Mar- 
ter of his firſt Hemene, whereby they are each of them enabled 
to drive or force out of their Vortice all ſuch other.agitated par- 
ticles, Now the ſwifter theſe Bodies are whirl'd round,the more 
do their flexible parts fly aſunder and ſtretch themſelves our, 
and the more forcibly do they reſiſt the iogreſle of any other ſo 
agi-- 
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2Bitared partia88 Mmro their Vortiee, and .cobſequently the 
ſlower their motion'is, rhe leſs 'will be their refiſtance, . And 
becauſe there is a vaſt number of theſe whitled parcicles lying 
one above another, and each particle having its peculiar grayi- 
ty; it will neceſſarily follow that the wndermoſt (which to 
maintain cheir Vortice muſt reſiſt ſo great a preſſure) muſt very 
much be hindred from expanding themſelves ſo far as other- 
wiſe they would, were there none of thoſe incompaſſing agi- 
tated Particles char lay in their way : and that thoſe being by 
any means removed, or they themſelves by a more rapid motion 
of the Particles of their Vehicles, the firſt and ſecond Element, 
(which is according to that Hypotheſis an effeQ of Heat) more 
ſwiftly and ſtrongly whitted round, they preſently begin co ex- 
and theinſelves, and maintain a bigger Vortice then before. 
ow to perforta what I juſt now promiſed, I thall endeavour ta 
give a Poſſible, if not a probable, cauſe of the objeRted Phens- 
»ena. And, Firſt, for that of the Carps Bladder, where che Air 
is rarefi'd (ſayes tte Author) 1600. times, it will eaſily be ex- 
plained by ſupþoſinſ tie kw Pirricles'of the Air, which (while 
they ſaftain the preſfare of all the incumbear Atmoſphere) in- 
conſpicuouſly lurk within the Bladder, (each of them being able 
co maintain but a very ſmall Yortice) to be by the (ubliding 
Mercury in the Torricelian Experithent freed from the preſſure 
of the Air, hd cheir morion contitning the ſame (by reaſon thac 
the Tranſcurfion of their Vehicles 15 not at all or very little hin- 
dered either by the Glafs'or Bladder) their parrs-having room to 
expand themſelves, will flye abroad to ſuch 'Exrenfions as may 
perhaps make a Vortice rooo. times as big inbulk as whar the 
were tiot able juſt before toexceed. Herace'the Particles of the 
Air (being ſo grols as'not 'eafily ro pervade rhe Pores of the 
Bladder) muſt neceſſarily drive out'the fides of the Bladder to 
irs utmoſt excent, and ſerve'to fill 'the Receiver in the Magde- 
burgick Experiment, Now, whereas thiefe Particles will by the 
ſame preflure of the Air be reduc'd rothe fame fare they were 
in at*tiſt, that is, to be 'ttironged into a very litcke-rcom, and 
thereby 
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thereby be able to maintain a yery (mall Yortices the Air let in 
in the Torrece[:an Experiment reduces the Air in the Bladder to 
its tormer inconſpicuouſne(s, aSthe admifſivn of the Water-in 
the Magdeburg Experiment does that Receiver tull of rarefi'd Air 
into the bigneſs of a Hazel Nut, Now the Water in this laſt- 
mention'd Experiment enters with 2 great impetuoſity, becauſe 
driven on with the whole preflure of the Acmoſphere, and re- 
ſiſted onely by che ſmall force of the ſo far-rarefi'd Air. 

As for the Authors ObjeRian againſt this way of RarefaQion 
drawn from the Phenomens of Gun powder, I ſhall endeavour 
ro anſwer it by ſhewing chem poſhbly explicable by a Crteran 
Hypotbeſis.For ſuppoſing choſe Terreftrial parts of the Gun-pow- 
der to be firſt at reſt, and afterwards agitated by the rapid moti- 
on of bis firſt Element, there will be (ufficienc difference of the 
former and later condition in reſpe&t of Extenſion; and ſuppo- 
fing che particular cooſticytion of Gun-powder (aifing partly. 
from theSpecifick forms of theParcicles of ics ingredieacs, Nitre, 
Sylphure and Char-coal, and partly from their proportionate 
commiſtion) to be ſuch as will readily yield cothe motion of his 
Materia ſabtilss, ſo ſoon as an ingreſs is admitred to it by the fire- 
ing of any particular parcel of ic, che Expanſion will be ſpeedy 
enough. | 

So then let us ſuppoſe a Barrel of Gun-powder placed in ſome 
cloſe room, to ſome grains of which we will ſuppoſe ſome aRual 
fire t0 be applied, by which a&ual fire (the Texture of the Pow- 
der being ſuch) thoſe grains are ſuddenly fired, that is, many 
Millions of parts, wich before lay fill and ar reſt, are by the 
ation of rhe burning Coals ſhatter'd, as'it were, and pur into a 
poſture ready to be agitated by the rapid motion of the Aateris 
wbtilis : into which poſture they are no ſooner pur, then agica- 
red and whitled ſufficiently by ic; whence follows a vaſt Expan- 
fion of that part of Gun-powder ſo fired. For each of ics parts 
being thus whirl'd and hurried round, expell- and beat off with 
great violence all che contiguous Particles, ſo 3s that each 
Particle takes up now 1000, times as mach Elbow-room (if I 
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may ſo ſpeak) as juſt before ſerv'd its tarn, and 'conſequently, © 
thoſe that are outermoſt take every: one their. way direly from: 
the parcel or Corn they had lain quier in, being hurried away by 
the ſudden Expanſion of the Particles that lay next within them 
ſo that whatever grain or parcel of Gun-powder they chance to 
meet with, before they have loſt their motion, they preſently 
ſhiver and put into ſuch a motion as makes them fit to receive the 
ation of the Materia ſubtils, Which ſubtil Matter being every 
where preſent, and nothing {low in performiag its office, imme- 
diately agitates thoſe alſo like the former z ſo that in a trice the 
Particles of the whole Barrel of Gun-powder are thus diſorder- 
ed, and by the motion the Materia ſubtilis muſt needs be hur- 
ried away with ſo great an impetuolity on all fides, as not onely 
to break in pieces its ſlight wooden priſon, and remove the 
lighter Particles of the ambient Air, but huge Beams, nay, vaſt 
-accumulated Maſles of the moſt compaRted StruRures of Stone, 
and even ſhake the very Earth ic ſelf, or whatever elſe ſtands in 
its way, whoſe Texture is ſo cloſe as not to give its Particles 
tree paſſage through its Pores. This underſtood,1 ſee nor, firſt, 
what the Authors three Arguments broughe to prove his Ob- 
jeRion ſignifie, for there are no more Corpuſcles in the room 
before the Gun-powder is fired then after, nor is there any more 
matter or ſubſtance before the fides of the room by yielding 
give place for the external fluid bodies to ſucceed, and the onely 
change is this, that the Globuls ſecunds Elementi (as he calls 
chem) are expell'd out of the room, and the Materia primi Ele- 
menti (ucceeds in the place'ofit. . Nor do Fee, ſecondly, what 
great reaſon he hadfor his grand Concluſion, Hec abunde demon- 
PR rarefattionem per hujuſmodi corpuſcula nullatenus poſſe ex- 
Itart, 
: Having thus examined the Authors firſt Arguments, that 
RarefaQtion cannot be made out by any other way then his z, we 
ſhall find his orher;/ which he brings to eſtabliſh his awn MHypothe- 
fs, much of the ſame kind. - As, Firſt, that his-way of RaretaGi- 
on implies no Contradiaion : For if the affirming a body to _ 
really 
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really and totally in this place, and at the ſame time'to be really 
and wholly in another, that is, to be in this place, and nor to be 
in this place, be not a ContradiRion,I know not what is. Next, 
that ſome learned School-men have thought ſo; to which 1 an- 
(wer, more learned men have thought otherwiſe. And, laſtly, 
that there are very plaia Examples of the like nature to be found 
in other things z of which he onely brings one, viz. that of the 
Rota Ariſtotelics, which upon examination we ſhall find co make 
as little to the purpoſe as any of the other. 


An Explication of the Rota Ariſtotelica. 


e great Problem af the Rots Arifbotelice, by his explication 

of which he pretends not onely ro folve all. che difficulcies 
concerning Local motion, que Philoſophori-ingenia batFenu valde 
exercuerans, but to give an inſtance for the confirmation of his 
unintelligible Hypotheſis of RarefaQion, wherein there is extenſio 
fen carreſpondentde tjuſdem rei ad locum nunc majorem, nunc ming- 
rem; We may upon examination find to be either a Paralogiſme, 
or elſe nothing but what thofe Philoſophers. ſaid whom he ac- 
counts gravel's wich. it, Ofthis SabjeR he begins in his 25, 
Chapter, where after he has ſer dawn a deſcription of ir, he 
makes an inſtance ina .Cart-wheel'z Rem ante oculos ponit rota ali- 
cujus curries ejuſq; umbs ſew-lignum illud craſſum & rotundum cus 

' infiqumturraditis fl m' dum progrediente curru ipſa rota circum- 
daft deſcribit iw ſubjetFs terra orbttans ſibi aqualems, umbo ille de- 
ſaribit.in;ſaljetFo aire orbitam (| ſuppoſe both here and before he 
means Lineam) ſe malto longiorem,uipote equalem orbits tatiug ro- 
ae, licee: ipſe now niſs ſemel quoq; fuerit circunrvolutes, (As (or 
whathe ſayes, thitthe Nave maſt be ſuppos'd. to-paſs through 
the: Air, and not to touch a ſolid Plain, Ido not yer underſtand 
the force: of his' Reaſon, nor why he fers it down, making no- 


thing to his preſenr:purpoſe, unleſs it were becauſe he did not 
, 00 well 
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well underſtand che thing): Tn which, ſayes he, the great 'diffical-, 
ty is to ©xplain how the Nave ſhogld be ſo turned abour its- 
Axis, ut partes ſuas ſucceſſive applicet line duplo plures partes ha- 
tent, idq, motu perpctno ac uniformi nz vel ad oonium inſtar inter= 
upto. Which how true, and what great occaſion he had ro won- 
cer at the ſolution of that Problem by the Example of a man 
ſlandiog ſtill and another walking, we ſhall find by and by, when 
we come to explain the Problem : but firſt I ſhall examine his 
Hypoth ſis and Explication, And Firſt, he ſuppoſes Time to 
co:{iſt of a determinate number of Indiviſibles, (that is, ſuch as 
have neither prius nor poſterius included in them) which he calls 
Iaſtants, And next he ſuppoſes the preſentiam bocalem ſeu ubica- 
tiovem cujuſlibet partis indivifibilis & virtualiter extenſe eſſe quoq; 
indiviſibilem & wirtualiter extenſam : Which ſuppoſition fo 
ſtrangely expreſt is no more then this, that the extenſion or 
ſpace of his Indiviſibles is alſo indiviſible. Burt as for his Virtual 
Extenſion, I confeſs 1 underſtand as lictle what it is as I verily 
believe he did; and therefore I will proceed to his following ſup- 
poſition. His Third therefore is, That by how much more rare a 
body is, by ſo much the more are its Indiviſibles virtually ex- 
tended. Hence his Fourth is, That though theſe Indiviſibles be 
really indiviſible, yet they are virtually 4» quotwvs partes diviſibi- 
l:s: Whence he dedaces his Fifth Principle, That fince theſe 
Ladiviſibles are really indiviſible and virtually extended, they 
maſt neceſſarily be moved after the fame manner thar other indi- 
viſible and virtually- extended things are. Hs Inſtances are in 
the motions of an Angel and an indiviGible piece of wood, which, ' 
he (ayes, are both of the ſame kind. As for that of Angels, ha- 
ving no immediate Revelation, and a Spirit and its ations nor 
falling under ſenſe, and not having any third way by which ro be 
inform'd, I ſhall leave him there to enjoy his fancies. But as for 
that of his piete of wood, we ſhall find it ſufficiently full of ab- 
ſurdities and contraditions. And firſt, he calls it indiviſible, 
but why I know not s for 'tis neither really nor yet mentally ſo: 
n 2t mencally ſo by his fourth Principle, where he ſayes thar 'tis 
virtualiter 
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wirtualiter in quotus partes diviſibiles, by which word wirtualiter 
he means the ſame thing with mentalzter, or nothing, Nor, ſe- 
condly, is itreally ſo: tor then (according ro the main buſinels 
of his Book, as may be gathered from the firſt words of his 
Title- Page, Traitatws de Corporum Inſeparabilitate) it would be 
impoſſible that any thing in the world ſhould be diviſible, tor 
he making an inſeparable continuity, and that bodies will racher 
be (I can't tell how) ſtrertcht beyond their own dimenſton 7» in+ 
finitum, then part from one another; a body may as ſoon pals 
through che dimenſions of any one Indiviſible, as -paſs between 
two. Next, he grants in the ſtrange ſtretching or rarefaction of 
theſe Indiviſtbles a temporazy motion of the condens'd Dimen- 
fion ; whence there will tollow chat there muſt be diſtin places 
or Ubi's, it muſt be terminss 4 quo, terminns ad quem, & me- 
diam. Andnext, it were impoſſible to divice 4 line into two 
pares, ſuppoſing it conſiſted of an unequal number of Indiviſibles ; 
aS if 101, Indivifibles of exceedingly-rarefi'd Air ſhould be ex- 
rended in length an Inch, it were impoſſible to divide that Inch 
iato two equal parts. I might run over many more, but ir 
wou'd be coo tedious to be here recited. As for his indivi(tble 
parts of Time, thoſe alſo muſt neceflarily be i quotvs partes di- 
wiſiviles; forelſe the ſame body or Indiviſible muſt neceſſurily 
bein divers places at the ſame inſtant, But becauſe he can (w3l- 
low, nay confidently affirm, this and many other ſach like ccn- 
traditions and abſurdities, Iam not willing to mention them z 
and I think it would have made more for the Authors reputation 
if he had done ſo roo. As for his laſt Chapter, where he applies 
theſe Principles to the Explication of the Rota Arifiotelice, 1 have 
not here time to ſer down all the abſurdities that any one thac 
has but a ſmattering in the Marbematicks may obſerve : as, ſome- 
times half an indiviſible part of a Circumference may touch an 
indivifible of a Line z ſometimes one may couch half, a quarcer, a 
hundredth part, a whole one, ewo, ten, a huadred, &c, ar the 
ſame inſtant g nay, an inciviſible of a Circle may be all of itin a 
thouſand places together, and the like. And this he brings as a 
00 2 rear. 
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oreat Argument to eſtabliſh his Hypotheſis of RarefaQiof, pre- 4 


rending it to compriſe many «£nigme's and very great difficul- 
tiesz whereas the thing is very plain and eafte, and contains no 
ſuch obſcuricies. For if, for example, we ſuppoſe a Wheel 
ABCD tobe moved in a dire morion from AIC to K LM, eve- 
ry point of ir retaining the ſame polirion to that line that they 
had at the beginning of their motion, each-of ge points 4Z1GC 
will on a Plain, orin the Medium ic pervades, paſs through or 
Ceſcribe a line equal to the line 7Z, and not onely all the points 
lying in the line A1C, but all and every point of the whole Ares 
of the Circle this muſt neceſſarily happen if the Diameter 
AIC be moved parallel coir felf: if whileſt it be thus moved 
with an equal progreſſion, ic be likewiſe moved with an equal 
circulation, the caſe will be altered. For then, firſt, each poine 
will by this compound motion deſcribe on the Plain or Medium 
either a perfe Cyclorid, as when the Wheel makes one perteRt 
revolution,whileſt the whole is progreſſively moved from 1 to L; 
or ſome Piece, 3s when the Wheel has not perfected its revolu- 
tion z or mare then a whole one, as when the Circle has made 
more then one whole revolution whileſt ic is movedia its deter- 
minate length. I ſhall bere onely confider the firſt, as pertain- 
iog more eſpecially co my preſent purpoſe, and in regard the ewo 
later anoccafion may be eakily explicated by ic. Next, each 
point of this Circle acquires from its compounded motion vari- 
ous degrees of Celerity as to its progrefſion, according to its ya- 
rions poſition to 2 point which is alwayes found in ſome part of 
the line drawn through the Centre of the circular motion per- 
pendicular to the progrefſive, And iris found thus, as the Cir- 
cumterence to the Radins, fo is the line of the progreſſive moti- 
0a to the diſtance of the point from the Centre. And this hap- 
pens becaule the line of Progreſſion isequatto'the Circle deſcri- 
bed. on. that diſtance as. Radins z each point therefore of this 
ſmaller Circle, when it comes to touch the Perpendicular, muſt 
as to its progreſſive motion, ſtand ſtill : This point therefore will 
b: the Centre of this compounded: motion.s Now becauſe for 
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the explicarion of the Kite 4rifotelire we tieed ot cotfider any 
other then thoſe Poitics Which are rraofictit through of trofs the 
Perpendicular line, we (hall ofiely examitte them. Let then iti 
our Example A be the Centre or imttioveable point, the Cit- 
cumference therefore ABCD will be equal to 1L or AK by our 
Hypotheſis, Now becauſe the point 1; which is the Centre of 
the Rotation, has onely one motion, vis. that of Lation, its ce- 
terity will be equal to the fingle celetity of the Lation ; we will 
therefore put it to have one degree. C, becauſe it is moyed with 

two motions, both tending the ſame way, and each equal to the 
velocity of 1, muſt needs have cwo degrees of velocity. The 
point F, becauſe moved with ewo motions, both cending the 
ſame way, the one (+4s. its Lation) being equ4l co that of 7, and 
the othet (becauſe it is but halt as far diſtinct from the Centre of 
Rotation as C, and therefore is moyed but with half the celericy 
of C, which was equal cothat of 7) bur half as quick, we will put 
to have one degree atid an half, By the like method we might 
find the velocity of all che points in the Perpendicular, viz. ſuck 
29 we haye there marked ſome of them z but it would be toore- 
dious, we needing not to confider more then the two points A and 
E. The point at Z being moved forward by ics progreſſion with 
the ſame velocity that Z, but by its rotation (which is but balf as 
(wife as that of the Circle ABCD, that is double the Circle 
EFGH) _ moved the contrary way.or backwards with half 
the velocity, loſeth half of its progreſſion forwards, The point 
in A being by its progreſſion nioved forwards equally fwift witti 
1, and by its rotation (the Circle A8CD being equal to the lind 
IL) _ carried backwards with equal velocity, muff neceſſarily 
and till as to irs progreſſion. Now having ſhewn thir che 
point # (being by reaſon of ics ewo equal oppoſite motions at 
reſt) does onely roucha point of the line AX, and is not ar all 
movedidn ir; and rhar the point Z (being carried forward twice 
as faſt by irs progreſſion as it is carried backward by its rotation, 
' and thereby moved half as faſt as the point 7) does not onely 
touch tbe line £X', buc whileſt ic couches ic is moved on it with a 
progrefhive 


rogreſfive motion half as ſwift as that of 7: Ic will neceſſarily ' 
flow, chat each point fi:uate in Z muſt neceſſarily deſcribe a 
(mall line, which is a part of the whole EC. Now both the con« 
taR of the former, and the contaR and progreſhon of the later, 
being performed by an infinite ſucceſſon of points in the ſpace of 
an infigite ſucceſſion of Inſtants; TI ſee not any one difficulty of 
this Problem bur may ſatis{aRorily be given an account of by it, 
without having recourſe to the Hypotheſes of the determinate 
number of indiviſibles of ſpace and time ; which at beſt will one- 
ly come to this, that 7» ſuch 4 determinate moment or minute ſþace 
of time, (which conſiſts of an infinite conſecution of Inſtants, and 
has prins and poſterius in itzthough yet he will call it anInſtant,and 
bave it to have the ſame proprieties with an Inſtant uſed in the 
common Philoſophical ſenſe) ſuch 4 determinare minute Corpuſcle 
(which, chougb-ic have extenſion in length, breadth and thick- 
ne(s, yet will he not admit it to be diviſible or haye parts, no 
not though, according to his Hypotheſis, the indivifibie of one 
body may be rarefied to be as big in bulk asa million of the 
indivifibles of another, but will have it ro be, called and to be 
a real indivifible) will ſucceſfiely paſs over ſuch- a determinate 
ſpace or length ( which yet he will not admit to be diviſible, 
though according to. his Principles it may equalize the length 
of millions of his other Indivifibles, nor admit a {ucceffive mo- 
tion, but inſtagz?neous, though. that does neceſſarily pur a bo- 
dy into _— ten, a hundred, &c. places at once. but 
w:1l have theſe alſoro be indivifible.) Haſte makes me paſs 
ever the abſurdities about the contaR. of a Circle and a Line, 
and to. compriſe in ſhort all. that great Explication he has 
given of this andother intricate (as he calls chem) Problems, 
which is chis , That the reaſon. of the celerity of the moti- 
on of ſome one of theſe indivifibles above another is, that 
x paſſes through a greater part of an indiviſible in the ſame 
inſtaat then the ſlower z that. is in plain ſenſe no more then 
this, One body, is ſwitter then. another becauſe it is moyed 
faſter, From whence. he draws ſeveral Corollaries, as: thar 
Hence 
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' Hence may be given areaſon why an Eagle is ſwifter then a 
Toitoiſe, wiz. becauſe it moves faſter, I ſhould haye ſol- 
ved ({everal ObjeRions which may be broughe againſt the di- 
viſibility of __ infinitum ; but that as all the Scho- 
laftick Writers are full of them, ſo it is a SabjeR which we 


are leaſt able ro diſpure of, having very little jaformation of 
the nature of Jnfinicy from the Senſes. 


The (jitations Engliſhd. 


Hap.2, Pag. 4. (wm tora vis, &'c, Being the whole power of the 
C Spring of the Air depends upon the e£q»ilib wm of its weight 
with ewenty nine Inches and an half of Quickilver, ſo that this Spri 
doth neither more nor leſs in a ſhut place, then is done by that «/£quils- 
brim in an open place: it is manifeſt, ſeeing we have ſhewed the 
Equilibrium to be plainly ticticious and imaginary, that the Spring aſcri- 
bed cothe Air is ſo likewiſe, 

lbid. Nam f Tubm, &c, For if a Tube but twenty Inches long (ſuch 
as we uſed in our firſt Argument) be nor quice filled wich Quickſilver, as 
before, bur a lictle ſpace be left berwixt the Adercury and the Finger on 
the top of the Tube, in which Air onely may abide : We ſhall find thar 
che Finger below being removed, the Finger on che top will not onely be 
drawn downwards, as before, but the Quickſilver ſhall deſcend alſo, and 
chat notably, viz. as much as ſo ſmall a parcel of Air can be extended by 
ſuch a deſcending weight, So that if inſtead of Air, Water or any other 
Liquor which is not ſo eafily extended be fucin irs place, there will be no 
deſcent at all. 

Hence, I ſay, againſt this Opinion an Argument is framed : For if the 
external Air cannot keep up thoſe twenty Inches of Quickſilver from de- 
ſcending, as we have proved ; how (hall ic keep up twenty nine Inches 
and an half? Aſſaredly theſe can no way be reconciled, 

P.z. Dices forte, &'c, You will perchance ſay, that the Quickſilyer 
therefore doth in the alledged cafe deſcend, becauſe ir is chrutt down by 
that parcel of Air which dilates ic ſelf by ics own Spring. 

Ibid, Sic deberet, &c. So ſhould the Finger be rather thruſt from the 
top of the Tube, then —_ falinedroir ; becauſe this Dilatation muſt 
be made as well upwards as downwards. 

.6. Corcips, Cc, It cannot be conceived how that Air ſhould dilace 
it ſelf, or thruſt down the Mercury, unleſs by raking up a greater place ; , 
which thing theſe Aucho:s are much againit, aſſerting that Rarefation 
can be made no other wayes then by Corpuſcles or Vacuities, 

Chap. 3. p.7. St, &c, If you take a Tube open at both ends of a good 
length, ſuppoſe forty Inches long, and fill it with CAercary, and place 
our Finger on the top as before, raking away your lower Finger you will 
or the Mercury to deſcend even to its wonted Ration, and your Fin- 


ger on the top to be ſtrongly drawn within the Tube, and co tick cloſe 
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anto ir. Whence again ir is evidently concluded that the CIMſercary 
placed in its own Ration is not there upheld by che external Air, bur 
ſuſpended by a cerrzin integnal Cord, whoſe upper end being faſtned to 
the Finger draws and faltens ic afcer this manner into the Tube, 

Chap.4q. p.8,9. Swmarvr, Fc. Take a Tube ſhorter then twenty nine 
Inches and an half, for in(tance of ctwenty Digits,not ſhur, as hitherto, ar 
one end, but wich both ends open : let this Tube, irs Oritice being im- 
mers'd 3 reftagnant erowry, and one Finger being plac'd underneath, 
that the Aſercury to be poured in run not through, be filled with Aer. 
cwury ; and then another Finger be applied toirs Orihce, to cloſe it well : 
Which being done, if you draw away your lower Finger, the upper will be 
found to be rongly drawn and ſuck'd intothe Tube, and ſo (ily to ad- 
here to ir, (or rather to the Quick6lver, as I ſhall hereafter ſhew) char it 
will elevate the Tube ic ſelf with all che Quickſilver, and make it conti« 
nue £0 hang pendulou: in the Veſlel. 

From which Experiment this Opinion is molt clearly refuted: Por, ſee- 
ing according tot the QuickGilvec in ſuch a Tube but rwenty Inches 
long muſt be thruſt upwards by the preponderating Air ; it will never by 
it be explained how this Finger is ſo drawn downwards, and made {o 
ſtrongly £o Rick tothe Tube, For ic cannot by the Air thruſting upwards 
be thus drawn downwards, 

p.11. Quod vel, fo, Which is thence confirmed , Becauſe if that 
preponderating Air ſucceeds, as is allerred, in the place of the lower Fin» 
ger which was wichdrawn, thatis, if ic ughold the Quickſlver after the 
ſame manner which ic was upheld by the lower Finger applied under it, 
it 15 manife(t, according to this Opinion, that the Finger on the top oughe 
not £0 be more drawn wards after the lower Finger is removed then 
before. Seeing then that Experience reacheth the contrary, it is manifeR 
that Opinion muſt be falſe. 

Chap.5.p.12. Duarte, &c. Inthe fourth place it is impugn'd, Be- 
cauſe thence it would follow that Quickhlyer through a like Tube might 
be ſuck*d with the ſame eaſineſs our of a Veſſel thit Water is ſuck'd our 
ofche ſame. Which notwichltanding is contrary to Exoerience, by which 
we are taught char Water is ealily drawn intoche mouth of him that ſucks, 
whereas Quick(lyer cannot be dravn thicher by his ucmoſt endeayour, 
nay, ſcarce unto the middle of che Tube, 

The ſequel I thus manifeſt : Becauſe ſeeing, accordingtothis Opinian, 
th: the Liquor underneath, wherher it be Water or Merewry, may ſoal- 
cend, no more is requir'd but that the Air ſhut in the Tube may be drawn 
vorards by ſucking ; which being drawn up, the Liquor underneath will 
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immediately aſcend, being thruft thicker by the external Air now prepoa- 
derating, (as Peagute declares in his Anatamical Diſcourſe, p63.) Ir is 
manifett that the Afercury may be ſuck'd our with the ſame ealineſs thar 
Water is ſuck*d out with, Which being ſo evidemly again(t Experience, 
the Optnion from whence it is deduced mutt needs be falſe, 

P-14. Neg, bec, &c, And not onely this, bur over and above, if a 
Glaſs Diabetes or Syringe be made of a fufficienc length, and after that the 
Sucker is thru(t into the urmoſt Orifice, ir be placed according to uſe in 
che 4ferexyy underneath ; he finds that as ſoon as the Sucker is drawn 
our, the Mercnxry follows, and aſcends to the ſame height of two Feer and 
three Inches and an half, And when afterwards, alchough no greater 
force be added, the Sucker is drawn higher, he finds char che hs 
fands,and follows no furcher, and ſo that ſpace is made empty which ce- 
mains berween the Mercury and the Sucker, 

p.16. CAaveat igitur, Fc, Be it therefore confirm'd by ſo many Ar. 
guments, of which every one is ſufficienc in ic ſelf, chat Quickkiver (rhe 
Experiment being made in an open place) is not upheld from falling by 
the weight of the external Air, 

Cap.6. p.16. eArgentum, Fc, That Quickfilyer ina cloſe place is 
not upheld! com falling by che Elater or Spring of the Air, 

Ibid. Cum tota, Fc, Seeing the whole power of this Spring depends 
upon the > ys wilibrium of che Air with 2g. Inches and 
an half of Quickſilver, ſo char this Spring does neicher more nor leſs in a 
cloſe place chen is done by chat «Equilibrium in an open place ; iris 
. manifeſt, ſeeing this e/Eque/ibrizms is already ſhewn to be plainly fiQtici- 
ous and imaginary, that che Spring of the Air is {o likewiſe. 

Ibid. Nee plus, Ec, And that this $ ring doth neicher more nor lefs 
in a cloſe place, then is done by that henbirinoia an open lace. 

p.17. Adde, &c, Adde, that ſeeing the Experimenes brought in the 
Chapter above of the adheſion of che Finger, 8c. are alike 1n a cloſe and 
an open place ; it is neceſſary and certain thac che ſame Arguments made 
again(t the e/£quilibrium have force again(t che Spring of the Air. 

Ibid. Er profefte, &'c, And really if theſe Authors would conſider 
how great a difficulty there is in explaining this Spring of the Air, unlef; 
the ſame Air by ic ſelf alone may take up a greater place, I believe they 
would readily alter their Opinion, | 

Part 2. Chap.1. p.20. (onftat hoc, Fc. This appears from whac has 
been already ſpoken in the preceding Chapter : For the QuickGlyer de- 
ſcending cannot ſo draw the Finger downwards, and faſten ir unto the 
Tube, unleſs it be hung upon the Finger by ſuch a Cord, which by its 
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weight it vehemently ſtretches, as is manifeſt by ir ſelf, 

Ibid. *Reſpondeo, &c. I anſwer, That this comes copals that there may 
be no Vacuity, ſeeing there is nothing elſe there that can ſucceed: into 
the place of rhe deſcending Quickſilver, 

p.21. And hence is confirmd that common Axiom uſed in the Schools 
for ſo many Ages palt, that N ature doth abhor a Vacuum. 

Ibid. Nam licet, &'c, For though the immediate cauſe why water (for 
in(tance)doth not deſcend from aGardeners Watering-pot(for that Exam- 
ple chey uſe) ttopt on the top, 1s not the fear of a YVacwum, but the reaſon 
now mentioned, namely, That there is not weight ſufficient co looſe thar 
conjunRure by which rhe water doth adhere to the top of the cloſed 
Warter-pot : Nevertheleſs in the end we muſt of neceſſity come to that 
Cauſe, 

Ibid, 2ue quidem, &'c. Whichtrattion and adheſion when it cannot 
proceed bur from' ſome real body placed berween the Finger and the 
Mercury, it is manifeſt that thar ſpace is not empty, but fill:d with ſome 
rue ſubſtance. 

| Ibid. Eo qued, &c. Becauſe no viſual fpecies's could proceed either 
from it, or through it, unto the eye. 

P.22. Vera, &c, Tobe filled with any true ſubſtance, 

. P.25. Hucetiam, &'c, Andtothis purpoſe make thoſe conſiderable 
Vibrations wich which Quickſilver is (tirred in irs deſcent :- For the ſame 
thing happens here thar befalls other Pexdw/a in their fall from on high, 

p.29. eArgentum dem, Fc, Qpickfilver while it fills the whole Tube 
doth not onely rouch its top, (as you would think at the firſt ſight) bur 
doth firmly ftickunto iralſo ; as it is manifeſt from che Experiment men» 
rioned in the firſt Argument of the third Chapter, concerning the Tube 
ofen at both ends. 

hid, Licer ilnd, ©, Though-that Orifice of the Tube be anointed 
with Oyle, or any other matter that will hinder adheſion, . nevertheleſs 
the Finger will no leſs firmly. tick then before. 

Ibid, Partes, &c, That the parrs of Air it ſelf ſo ſhut up in the Tube 
(which otherwiſe are ſo eaſily ſevered) are now-ſo firmly glued to one 

another, that rhey make (as we ſee)a-ſtrong Chain, by which not onely 
Water but even weighty Quick(ilver is drawn on high. 

Ibid. Rarefatiionem, &c, That the Rarefaftion.or Extenfion- of a bo- 
dy ſo- as to make it take up more ſpace is nor onely made by Heat, bur by 
digenſion or a-certain di;oynmg power ; as on the contrary Condenſation 
1s not onely made by, Cald, bur alſo by CompreſGon, as infinice Examples 
kearus. witne(s.. 
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ET» Cum per, &c. Secing by the firſt Note tis manifeſ that the 
Quick6lyer doth ſo tick to the top of the Tube, and by the ſecond Note 
the RarefaRion is made onely by the meer 'dittenhon of the body; ic {© 
comes co paſs that the deicending Quickhlver leaves its external or up- 
per ſuper ficies fixed unto che top of the Tube, and by its weight doth to 
ttrerch and extenuate” ir, uncill it becomes eaſier to leave another ſuper- 
ficies in like manner, then co extend that any further, It leaves there= 
fore a ſecond, and doth by its deſcent exrend that a liccle. further, uncill 
ic becones eaſier to ſeparate a third then to extend char any further : And 
ſo-forwards, untill ar length it hath no power to ſeparate or extend any 
more ſuperficies, namely, untill ic comes unto the heighth of 29. Inches 
and an half ; where it acquieſces, as we have declared in the fir(t 
Chapcer, 

«3T, Theſe Surfaces ſeem to be ſeparated from the Quickklyer, and 
to be extended into.a moſt (lender firing by the weight char falls down, 
after the ſame manner that in a lighred Candle ſurfaces of like ſort are fe- 
parated from the Wax or Tallow underneath by.che heat above, and are 
excenuared into a moſi ſubtil Aame.. In which ic 1s worth obſervation, that 
as that flame doth doubtleſs rake up more then a thouſand times a greater 
ſpace then the part of the Wax of which the flame was made took up : 
So is it here to be chonghr, that that (firing doth take up a ſpace more then 
a thouſand times as big as that which che ſmall particle of Mercy, from 
whence it aroſe, did before: take up, As alſo it doubtleſs happens when 
ſuch-a particle by a fire underneath'is turned into a vapour, 

.37: Corpore, &'c, Abody taking upa place, for inſtance; twice as 
big as it ſelf; ir is of neceſſity that every part of it mult likewiſe take up a 
place twice as big as it ſelf, 

P.42. Juxta, &c, According to the more probable O, inion ſuch\a 
virtual extenſion of a corporeal Being is not to be granted, as being onely 
proper to ſuch as are Spiricual, ME 

P.43. Preſtat, &c. Ic is better-to continue in the common Opini- 
on, which hath been hitherto received in the Schools : which although ic 
doth not clearly refolve all difficulties, yet ic doth not openly lye un- 
der them. 

Ibid. Neceſſario, &'c, We muſt needs-confeſs that one and the ſame 
vart muſt be in two places adequately. For ſeeing it is indivifible, and 
rakes up a greater place then before, it muſt of. neceſſity. be all in every 
point of that place, or that be virtually extended threugh all chat ſpace. 

P-45» Cum temps, ©. Seting Time is a Being eflentially ſucceſſive, 
fo that neither by. dwine power can two of its parts exilt together, . 
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0.46. Bebondeo, &'e. IT anſwer, that all rhefe things.happenbecenſe che © 
MY ay ax ſo kindled and rucned inco flame takes up a much 
ſpace then before, Whence it co res to paſs that ſeeing the Chamber was 
before quite full, by chis means the walls are broken that there may be ns 
penetration of bodies, : 2a 

p.50. Partim, &e, Sometimes within the Chappel, ſometimes in the 
open Air ; the wind ſometimes blowing, and ſomeumes being Gill, 

P.54. Sed d'ci, &c, Butit may be ſaid, that on the top of the Moun. 
rain it therefore deſcended after that manner, becauſe the Air was more 
cold there , or of ſome other temperature , ſuch as mighe cauſe this 
deſcent. 

p.71. Hecefſe, &c, Thatthis is the difference between Preſſion and 
Suction, that Su&ion makes ſuch an adheſion, and Preſſion doch nor. 

Ibid, Hoc quog,, &s. And even this Experiment doth very well agree 
with our Principles : For ſecing by this depreſſion of che Sucker, the Air 
ſue up in the cavity of the Cylinder is ſeparated fram the Cylinder, and 
doth deſcend rogether with the Sucker, (as we have, Chop.13. obſerved 
of water deſcending together wich Quickſilver) it comes to pals chat in 


that whole depreſſion new ſurfaces are taken from that deſcending Air 


and firerched our, as we have there explained ic in che caſe of deſcending 
water. - Since therefore ſuch Sufaces are as cafily Qlipt off and extended in 
the end of the depreflion as in the beginning ; it is no wonder thac there 
is found the ſame difficulty of depreſſing it at both times, 

P.72. fo magis, &c, That the Aicis ſo much the more extended and 
rarefied, by how much the more is thence exhauſted, and fo doth acquire 
a greater force of contraRting it felf, 

FP.74- At profetto,&c,But truly it ſeems not credible that this molt ſofe 
Air ſhoald ſo vehemently compreſs a Glaſs on all ſides (eſpecially one of 
that thickneſs there mention'd) as to break it, 
| Ibid, Yerizs, Oc. It is therefore more truly anſwered, that the Glaſs is 
th<rfore ſo broken, becauſe by that exſuftion irs fides are mare vehement- 
ly drawn inwards then (by reaſon of the 6gure unfit for refſtency) they 
were able to rehſt, For ſecing the inctuded Air doth moſt firmly (tick eo 
the ſides of the Glaſs, to draw out the Air will be nothing elſe but ts en- 
deavour to bend the ſides of the Glafs inwards, 

P75 . Sed profetto, &c. Bur truly this ſeems toa far remov'd from 
Truth, and may be by this alone ſufficiently refuted, Becaule if the preg. 
ſure of the Air which deſcends by rhar. Tube inco the Vial be ſo great as 
phefore the breaking of che Vial, 


to break the Vial ir felf, it ought _—_y DFE, 
very much to. move the water in which che Tube is immets'd, and co 
| a 


$ 


excice bubbles in ir, &c. as appears, if any one blowing through that Tube 

doth make bur an ordinary preſſure upon the water, Bur ic is ſure thar 
the water before the Vial is broken doth not move ar all : as the Experi- 
menter will find, . 

Ibid. Zicer, &'c, Though the Tube had been ſhnr at the cop, the Vial 
had doubcleſs been broken after the ſame manner, 

P.77+ Sed reftixs, &'c, But it is more rightly chence inferr'd, that that 
Cylinder did noching chere before. 

Ibid. Dico, &e. I ſay then that the Quickſilver doth by that exhauſli- 
on ſo deſcend in the Tube, becauſe it is drawn downwards. by the Air in- 
cumbent upon the reſtagnant Quickſilver, For that incumbent Air, be- 
ing by irs exhan(tion greatly raretied and extended, vehemently contracts 
it (elf, and by this contraQtion doth endeavour to lift the reftagnant Mer- 
cur7 out of its Veſſel; whence it comes to pals that (the reftagnant MMey- 
cxry now leſs gravitating upon the botrom of its Veſſel) the Quickklyer in 
the Tube muſt deſcend,as is manifeſt in ic ſelf: So that ir is no wonder that, 
the external Air afterwards entring, the Quickſilver again aſcends, ſeeing 
by _ —_ the force which eleyates the reſtagnanc Quickſilver is 
we . 

p.78. eAtg, bine, &'c, And hence isa reaſon alſo given of anorher 
thing which is there nored, namely, that by the violent intruſion of the 
external Air into the Receiver the Qu ickhlver aſcended conſiderably 
above 29. Inches and an half. For as by the extration of the Air the 
Quickſilver is depreft below its ſtation, foby the intruſion of new Air it is 
elevated above it, 

p.80. Naw ff, &'c. Forific were kept up by that, ic oughc rather ro- 
aſcend then deſcend in colder weather, becauſe the Air chen would bz 
more denſe and heavy. Therefore the Quickſilver is not uz h21d by the 
equilibrium of Air, as is aſſerted, 

Ibid. Hinc fir, &e. Hence it comes to paſs, that this Fumicle being con- 
tracted by the cold, the water doth aſcend in cold weather ; bur doth de- 
fcend in hot, becauſe by heat the Funicle is dilated, 

p.8r, Egocerte, &c. Itruly do not doubr but there are ſome 4: 
occulr cauſes, by which the ſlender Fenicle that ſuſpends (as we 1 
ned in the ro. Chapter) the Quickſilver inthe Tube is ſometimes 1-11 
ned, ſometimes ſhorrned, and ſo doth ſometimes ler down, an«| (-+;1+ - 
times lift up the Quick6ilver, 

Ibid. In dec:we none, &c, Inthe 19. he ſhews that water doh + +: 
fame manter deſcend upon the exhautfting the Receiver, as he had i/;-: 
Quickſilver in the foregoing Chapter to deſcend, Of both which [- +: 
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there is the ſame cauſe, there is norealon we ſhould any longer inſit- 
on this, | 

p.82. Nami, &c, Forif it were done ſo, theſe bubbles ought not ſo 
to have aſcended from the bottom of the Veſlel, (as it is aflerced the 
did, both in this and che following Experiments chat treat of bubbles) bur 
from che upper part of the water,where chey are leſs comprelt , as it is ap. 
parently manifelt, 

p.83. Keſpondeo, &'c, IT anſwer that the water, upon that exhauſtion of 
* the Air, doth not ſo aſcend of its own accord, but is violently drawn or 
lifred upwards by that rarefied Air contrating it ſelf. For as water doth 
ſuffer ſome compreſſion (as appears by experience) ſo her2 alſo ir ſuffers 
ſome diſtenſion» And hence ir is clearly manifeſt why theſe bubbles 
ſhould ariſe rather from the botrom of che Veſlel, then from the upper 
part of the water, For when that vehement ſuftion' doth endeavour to 
eleyate the water from the bottom of the Vial, there ariſes rhere a certain 
ſubcil matter, which being curned into bubbles doth ſo aſcend as is men- 
tioned in the 15, Chapter and the 4. Experiment. 


. p84. (ertumeſſe, &c, It is certain that that Opinion is ſufficiently. 


refured by this fingle Experiment. 

p.85, Neceſſe, &'c. It muſt needs be that that one could nor other- 
wiſe deſcend, then by leaving behind ic ſuch a thin ſubſtance as is left by 
Quickſilver or Water deſcending in like manner, 

p.36. Knde, &c. Whence I plainly conceive that if two perfe&ly- 
poliſh'd Marbles were ſo joyned that no Air at all were left berween them, 
they could not be drawn aſunder by all the power of Man, 

Ibid, Xi eriam, &'c, Which alſo is confirmed by che Example the 
Author there brings of a Braſs Plate flicking ſo cloſe toa Marble Table, 
that by a luſty Youth,who boaſted of his own firengrth, ic could not be lift- 
ed off by a Ring fixed to its Centre. 

p.87. Eodem, &'c, Almoſt the ſame manner as we ſee in Cupping- 
glaſſes applied co a Patients back, in which the flame being extinct, the 
rarefied Air contraRting it ſelf doth ſo vehemently (as we ſee) lift up, and 
draw the fleſh within the Glaſs, 

Ibid. [» his, &c, In theſe three there is nothing occurs to be peculiar- 
Iy here explicated, the account of which is not eafie from what is already 
delivered. 

p.88. Exi#tim0, &c. But Irthink that Whiteneſs ſhould be rather 
called a reflex then an innate light, becauſe, as the Author bears wit- 
neſe, it appears not in the dark, but onely in the day, or bY Candle- 


hizhc, 
Ibid. 
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Ibid. Yerumw, &c, But it ſeems impoſſible that ſuch Miza/s ſhould 
dye ſo ſoon onely for want of a thicker Air, 
p.39. 2wiaper, &c, Becauſe by the ſelf-contraQtion of the rarefied 
Air their breath is drawn our of their bodies, 
p-90» Atg, binc, &'c, And thence alſo aroſe thoſe yehement Conyul- 
ſions, which the Author there mentions certain ſmall Birds to have endu- 


red before their death, 
p.92. Inmala, &c. Inabad Cauſe they can do no other ; but who 


compell'd them ro undertake a bad Cauſe ? 


CAM _ 
A Summary of the Contents of the 
ſeveral Chapters. 


Part I. | 
\ Herein the eAdverſaries Objeftions againſt the Elatetifts are exa- 


mined, 
Chap. I. Re 
T he occaſion of this Writing, pag.1. Franciſcus Linus his c:vulrty in wri. 
ting obliges the Author to the like, p.2, Books concermug the Torrecellian 
Experiment wheremith the Author was formerly nnacquaited, bid. The 
Inconveniexce of Linus's Principles, ibid. The diviſion of the enſuing Trea- 
tiſe into three Parts, 


Chap. 2. 

4 repetition of the Adverſary's f inion and Arguments, Hu Argu- 
ments againſt the Weight of the Air examined, p.4. eAu Experiment of 
his to prove that the external Air cannot keep up twenty Inches of Buick ſilver 
from deſcending in a Tube twenty Inches loug, ibid, The Authors anſwer 
and reconciliation of the Experiment to his own Hypotheſis, p.s. and the re- 
lation of an Experiment of the Authors,wheremn onely water being employed m- 
ſtead of Duickſilver without other alteration of the AdverſariesExperiment, 
ut agrees well with and confirms the Authors Hypotheſis, and his E xplication 
of the mentioned Experiments, ibid, That Water hath no Spring at all, or 4 
very weak ove, p. 6. The ſecond Argument examined, vid, whether the 
ſame quantity of Air can adequately fill a greater ſpace, p.7. The conctt- 
vableneſs of both Hypotheſes compared, ibid, 

Chap. 3. 
eAnother Argument of the ra from an Experiment wherein the 
Mercury ſinking draws the Finger into the Tube, examined. Q, Whether 
the MerCury placed in its own ſtation is upheld by the external Air, or ſuiþen- 
ded there by an internal Cord? p.7.8. 
Chap. 4. == 
eA repetition of Franciſcus Linus his principal Experiment, wherein in4 
Tube of twenty Inches long the Finger on the top is ſuppoſed ro be ſtrongly 
drawn and ſu k'dinto the Tube, p.g, The Experiment explicated without 
the aſſiſtance of Suftion, by the preſſure of the external Air _ the outſide of 
the Finoer, thruſt, not ſuck/d in, p.to, Franciſcus Linus his argumentation 
con/idered, >.11. Chap, 
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: Chap. 5, - 

The Examiners laſt Exptriment conſidered, in which he argues againſt the 
eAuthors Hypotheſis, becauſe Mercury :s not fuck'd ont of a Veſſet through 
a Tube ſo eaſily as Water 18,p.12,13. An Experiment of Monfenr Paſchall 
ſeewing, thai if the upper part of a Tube could b: freed from the preſſure of all 
internal Air, the Mercury would by the preſſure of the outward Air be carri. 
ed up into the Tube as well as Water, till ut had attained a height great exough 
ro make ts werght equal to that of the Atrmo#þhere, P.I4. Why in 4a more 
forcible reipiration the Mercurial C 1linder is raiſed higher then in a more 
languid, peI4115., A Remark by the bie, That the comtraition of the A1- 
=. x ſuppoſed Funiculus zs — upon the Lungs, p.l5. 

ap. 6. 

The examination of the lends 4. Chapter, p.16. That the Spring 
of the Air may have ſome advantage in point of force above the Weight of it, 
P.1 7. That ut is unintelligible how the ſame Air can adequately ff more 
Face at one timethen at anther, p.18. 


ParyT II, 


Wherein the Adverſaris — Hypotheſis 1s examined. 
Chap. 1, 

wherein what is alledged to prove the Funiculus is conſidered ; and ſome 
Difficulties are propoſe d agaiſt the Hypotheſis, 

The nature of this ſmppoſ ed Funiculus deſcribed, P.19. That accord 'n; 
to the Adverſaries Opinion this Funiculus is produced by Nature onely t2 
hinder a Vacuum, p.20,21. The Adverſaries proofs that there is no Va« 
cuum examined, p.21,22. That where no ſenſible part is un-enlightned, the 
place may not be full of light, p.22. The ſame true in Otonrs, ibid, That 
there may be matter enongh to 1ranſmit the impulſe of Light, though be- 
ewixt the Particles of that matter there ſhnld be ſtore of Vacuities intercept= 
ed, p.23. That a ſolid B)dy hath no Conſiderable ſenſe of preſſure from fluid. 
bodies, p.25, Of the canſes of the Vibrations of Duck ſilver in its deſcert,, 
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, ' - Chap. 23 


wherein divers other Difficulties are objeited againſt the Funicular H Y- 
othelis, As that in L'quors of divers weights and naturer, as Water, Wine 
and Quickſilver, there ſhould be-juſt the ſame weight or ſtrength to extend. 
them into a Funiculus, p.27.. That whereas the Weight and Spring of the 
Air is inferr'd from unqueſtioned Experiments, the account of that Hypo >- 

theſis 15 ftrange and fo or 


iif altory.. As that the Quickſilver duth nat ove'y 
49/2. touch: ./ 
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touch the top of the Glaſs, but ſlick toit 3 That Nature wreaths 4 Little rare. = 


fied Air uno a ſtrong rope even able todraw wp Duickfilver,p.28,29, That 
Rarefa tion 11 performed by a certain unknown force, or vis divulſiva, p.30, 
T hat thin Surfaces are left ſucceſſively one after another, that theſe Surfaces 
are contrived ints ſtrings, that may be ftiretch'd wuhout being made more 
ſlender, &'c, p31. The ilinſtration of the manner how his Funiculus is 
made,from the rarefattion of Wax or T allow in a lighted { andle, is conſider. 
ed, p.32. and ſhewed not to be appoſite, ibid, Divers other difficulties aud 
improbabilities manifeſted in the Funicular Hypotheſis, p.33, Of the in- 
ward Spring neceſſary tothe contrafiion of his Funiculus, p.33,34. An 
Argument from a Pendulum's moving freely in an exhauſted Receiver, that 
the medium it moves wn doth not conſift of an innumerable exceedingly. 
ſtretch'd ſtrings, p.z 5. . 
Chap. 3. 

The Ariſtotelean Rarefation propoſed by the Adverſary examined, 
What Rarefattion and Condenſation 15, p.36. Three wayes of explicating 
how Rarefattion is made, p.36,37. Alſurdirie in reſolving the Magde- 
burg Experiment by the Ariftotelean way of Rarefattion , p:3 8. The 
inconveniences of the ſeveral Hypotheſes compared, p.39. The difficulties 
in the Adver aries explaining Rarefaltion by Bodies infinuely diviſible,p,41, 
T he difficulties of explaming it by ſuppoſing Bodies made upof parts wdivi. 
ſible, £+43>44+ T be difficulties wherewith his Condenſation is incumbred, as 
that it infers Penetration of Dimenſions, & c, p.46. 


ap. 4. 

A ( owſider ation pertznent to the pa", Controverſie, of what happens in 
trying the Torrecellian and other Experiments at the top and feet of Hills, 
T hat the Funicular Hypotheſis is but an Inverſion of the Elaſtical, one ſup- 
poſing a Spring inwards, the other outwards ; one performing its effefts by 
Pulſron, the ther by Trattion, p,48. That theſe tryals on the tops and feet of 
Hills determine the caſe for the Authors Hypotheſis, p.q9. The truth of 
the Obſervation of Monſieur Paſchall confirmed, p.50. and the ſeveral try- 
als that h ave been made of it related, ibid. A tryalof the Authors from 
the Leads of the Abbey-Church at Weſtminſter, p.51,52,53. That the 
ſubſidence of the Mercury at the top of a Hill proceeds from the lightneſs of the 

eA 1moipherical Cylinder there, p.54. The relation of an Experiment late- 
ly made at Hallifax Hill in —_ of the former, v.56. 
Chap. 5. 
T wo new Experiments touching iu of the force of the Spring of 


the Air compreſs'd and dilated, T hat it is capable of doing far more then the 


neceſſity of the Authors Hypotheſis requires, p.57. The fort Experiment, 
0 


| 


of compreſſing «Air by pouring Mercury into a crooked Tube, relate ? 
of com - 5 Ju: eoA kein brought.to a degree of denſity ES y- 
obtains a Spring twice as ſirong as before, p.59., eA "able of the Conden.. 
[ation of the Air according to this Experiment, p.60, Particular Circum. 
ſtances obſerved in the making the Experiment, p.61, How far the Spring 
of the Air may be increaſed, p.62. Of the decrement of the force of dilated 
Air, p.63. eAT able of the Rarefatlion of the Air, p.64. Particular 
Circumſtances in making the Experiment whence this Table was drawn, 
p.65;66. That the free Aw here below Appears to be near as ſtrongly Cong 
preſt by the weight of the incumbent Air as it wanld be by the weight of 4 
HMercgrial Cylinder of 28. or 30. Inches, p.67, 


PaxrT II, 


Pherein what 1s objefied againſt Mr, Boyle's Explications of particular 
Experiments 1s anſwered, 

T he entrance into this Part of the Diſcourſe, with an advertiſement how far 
onely it will be requiſite to examine the Adverſaries aſſertions and ex plicati- 
ons, the Hyporheles on both ſides bring before conſidered, p.69,70. 

A defence of the firſt aud ſecond Experiments, concerning the intruſion of 
the Finger into the Orifice of the Valve of the evacuated Receiver, p.70. 

A deferce of the third Experiment, why the Sucker being drawn down there 
is no greater difficulty in the end then in the beginnin of the gdepreſſion, 
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x of the fourth Experiment, touching the ſwelling of a Bladder upon the ex- 
hau#tion of the ambient Air, and proportionably to that exhauſtion,p.71,73, 
The Authers and the Funicular Hypotheſis i» the explication of this Phano- 
menon compared, ibid, 

Of the fifth Experiment, p,73. 

Of the eighth Experiment, about the breaking of a Glaſs Receiver which 
was not ps upon the exhauſtion of the inward Air, p,74, Whether it 
were more likely to be broken by the preſſure of the AtmoiÞhere without, or a 
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he Preface. 


== Aving, ſoon after I had begun the following 
F W Ex4men of Mr, Hobbs's Dialogue , been di- 
verted for a good while by divers urgent Avo- 
cations from purſuing ic; I was in the mean 
time informed by learned men (ſome of whom 
keep great Correſpondences with the Yir- 
zwoſs abroad) that my publiſhing any thing 
294inſt his ObjeRions would not be neceſſary, nor was much 
expected : Whereupon I ſhould perhaps have declined reſu- 
ming an Employment, that to a perſon of my humour could not 
be delighcful; but that beſides thoſe Inducements mentioned 
at the beginning of the following Treatiſe, ic came into my mind 
that my Adyerſiry, not content to fall upon the Explications 
of my Experiments, has (by an Attempr, for ought I know, 
unexampled) endeavoured to diſparage unobvious Experi- 
ments themſelves, and to diſcourage others from making 
them. Which if he could by his Dialogue effeR, I dare be 
bold to ſay, he would far more prejudice Philoſophy by this 
one Trac, then He (and char it may not feem ſaid to underva- 
tne him, 1 ſhall adde, or any Man elſe) can promote ic by all 
his other Writings. Wherefore, though his diſparaging of 


Experiments would probably have much more Authority rr 
a 2 cially 


ve Preface. "I" 
cially with — men) if he had been the Anthor of con- 
fiderable ones, or did appear to be more then ordinarily $killed 
inthem : .yer leſt for all this his Fame and Confidene way 
of writing might prejudice Experimental Philoſophy in the - 
minds of thoſe who are yet ſtrangers to ir, I choughe ic not 
amiſs, both to go on with 'the Diſcourſe I had begun, and to 
enlarge it beyond what 1 firſt deſigned ; and accordingly, to the 
intended Vindication of the main points of our Doctrine, The 
Weight and Spring of the Air, which (it I miſtake not) we have 
firmly eſtabliſhed, we have added an Exemen, that otherwiſe 
we ſhould ſcarcehive-made, of the greateſt part of rhe Phyfio- 
logical paſſages in Mr. Hobbss book, moſt of which I thought 
might be rationally queſtion'd, and many of chem clearly diſ- 
provid. Andin purſuance of this, though I did not perhaps al- 
wayes think my (clt oblig'd to proſecute things further then che 
nature of my Deſign requir'd, or to forget that the Matters in 
diſpute were not all of an equal weight z yer the Refl:Rions 1 
have employ'd will, I preſume, be found ſufficient ro ſhew 
both thar 'tis eafie even for agreat Wit frequently enough to 
miſtake, and much more frequently to mifs of clearly demon- 
— what he pretends in matters Phyſical, for wane ot ha- 
ving ſufficiently confidered the Experiments he would be 
thought to deſpiſe 3 «ud thar Mr. Hobbs's Adverſaries need not 
be much aſhamed of the Name he is pleaſed to give them of 
Experimentarian Philoſophers, Ic was alfo ſuggeſted to me, that 
the dangerous Opinions about fome important, if nor fundamen- 
ral, Articles of Religion I had met with in his Leviathay, and 
ſome other of his Writings,having made but too great Impreſſi- 
ons upcn divers perſons, (who, though ſaid to be for the moſt 
part either of greater Quality,or of greater Wit then Learning,do 
yet divers of them deſerve betcer Principles) cheſe Errors bei 
chiefly recommended by the Opinion they had of Mr. Hobbs's 
demonſtrative way of Philoſophy z it mighe poſſibly prove 
ſome ſervice to higher Truths then thoie in Controverhie be- 
tween him and me, to ſhe that in the Phyficks themſelves his 


Opinions, 


i Ip. Pars. 


Opinions, and even his Ratiocinations, have no ſuch great adyan- 
tage Over thoſe of fome Orthodox Chriſtian Naturalifts. Bur 
for all this,as lirtle as I would grudge to write a much longer then 
the following Diſcourſe ro do Religion the leaſt lervicez yet 
chinkiog it fir to leave Controverhies of this kind to thoſe whom 
they more particularly concern, I ſhould ſcarce in the Introduc- 
tion to 2 Diſpute about the Air have at all mentioned any thing 
ofthis nature, but that-Mr. Hobbs in the Preface to his Nialogue 
is pleafed (though I know nor to what purpoſe in that place) to 
ſpzak without limitation or diftintion (and conſequently unwa- 
rily enough ar leaſt) of the things ſaid ia the Books of N 1cura- 
liſts concerning immaterial ſubſtances, (and ſure ſome things 
2rwe, (at leaſt That there are ſuch Beings) as well as ſome things 
erroneows, are there ſaid: ) though he hath been by che learned 
Dr, More and others publickly accuſed to have raughe, Thar 
'(is abſurd to believe that there either 
are or can be any, Which yet me- ' — N:q; bominis Philoſopht «ſe 
thinks he ſh'5utd not do ,' fince elſe- = & fon yr vage 4 
. . 5 4TH, mUan its [up 

where and in this very Dialogue he ponere magnitudines, contra vero 
builds ſeveral things in his Philoſophy 1 Ngpandy = nee Gs 4 
upon the Creation of the World, and 9. For ne cameos 
an Infinite Power: And how a thing m« quan min-me. Mr. Hobbs in 
material can create matter and have an ** — py _ 
Infinite Power, 1 confe(s I do nog un- elſewhere. 
derſtand. | 

I doubt not but Criticall Readers will think I might have 
excepted againſt many more particulars in Mr. Hobbs's Book 
chen I have Examin'd z and indeed about this I dare not con- 
rend with them, For befides that } may through haſte and 
indiſpoſednefle to quarrel, have over-ſeen ſeverall things 
which an Eye either ſeverer or more attentive would have ob- 
ferv'd ; I purpoſely paſt by divers things I didnot altogether 
over-look z partly, becauſe I chought it needleſfe to queſtion 
chem (having no want of other Objeions) and partly, becauſe 
I could not do (o-in few words,and was loath to engage in needleſs 


a #4 


w 177 777 . 
2nd long-winded Di(paces :. And: perhaps 1 was too weary of, 
my Employment to-be wilting to ſpend. mapy words whea 1 
could (ately ſpare them. - And though others will poſſibly chink 
it ſtrange, that, a Member of the Society he is lo (evere to 
ſhould not take notice of ſuch paſſages as theſe, Nam conve- 
Liant ((ayes he, ſpeaking of the Virtue(s that meet at Greſham 
Collecge) Sjudia conferant, Expertmenta faciant quantum wa- 
lunt, mſ6 & principis utantur mew , pihil' proficient; and again, 
Ne illi que dicerent non videntur cogitaſſe, ſed ſoriites eſſe; and 
elſewhere, Cenjicere hinc licet , quam fint bent ratiocinatores, 
qu# fit ab ills expetFande Phileſephia Naturals 3, and (to trouble 
you ng more) 4d cauſes antes: propter gue proficere ne paulg- 
lum quidem potniſtis nec pateritls, Accedunt etiam alia, ut odium 
 Hibbii, quia niminm liber# ſcripſerat de Avademits weritaters : 
Nam «ex es tempore irati Phyſeci & Mathematici weritatem ab 
venientem non recepturos ſe palam rof eſs ſunt : Thopgh, as I 
{aid, lome may wonder I ſhavuld if ently pretermir {ach paſſages 
as theſe ; yer beſides ' what'4 elſewhere ſay by way of Account 
of my ſodoing, 1 hall here tell them, chac I preſume ſome 
forts of Readers will mo:eeaftly pardon me for negleRing ſach 
Expreſſions, then they will Mr. Habb+ for ufing them. And 
I conteſſe, I thought} ſhould find it, mare eafte to. (ay pothiog 
at all ro ſuch p.ſfages ,- then ſay any 4hing withour' ſaying 
ſomewhat that would cffend:2 Perſon that could allow himſelf 
to (ay ſuch things, Though I ignore nor that divers Readers 
will much the Jeflerellifh che tollowing Diſcourſe, for my ha- 
ving,perchance noc alcagetber tor want of knowing how to. write 
otherwiſe, tarborp to turniſh it with quick and tmart Expre(- 
ſions, which are wont to be employ d in Diſputes, to expole 
ar depreciate an Adverfaries Perion or Caule, . and which are 
uſuaky not the leaſt things char ſerve to amuſe ſuch Readers, 
and engage their attention. But I fear I have much leſſe need 
to make Excuſes for my Omiſhons, then for Hayiog in the tol- 
lowing Exams been reduc'd by the Nature of my Task, to ſay 
ſa many things which Intelligent Readers need nor be caughe 


by 
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by me. * And therefore ſuch ſhall have my conſent to skip, if 
they pleaſe, the whole Diſcourſez which though I could (carce 
opon ſuch an Occaſſoh make a very Taſtrutive one, yer if 
they will be plea$'d ro forgive me its Barrennefle, I hope 
hereafter to avoid the like Temptations of writing zgain at the 
like rate, 

And having ſaid thus multh as to the Reaſons of my penniag 
the following Diſcourſe, 1/maſt adde ſomething, though bur 
little, tronching rhe Manwey ofit: Whetein I hope I have nor 
mach, if at all, ſwerv'd from what I'propos'd to my elf, name- 
ly, to give-an Example of Difpauring in Prine againſt a Provo- 
king, though nnprovoked, Adverſary, without B.tcerne(s and 
Incivility, and withont porſuing theſe chings which bow much 
more ſoever they belong 16 the Perſon of an Antagoniſt then 
to his Canfe, are wont to make up a preat part (if not the 
greateſt) of Books divalg'd on ſuch Occaſions. Bur fince I in- 
rend what I yrite for Tnrelligent and Ingenious Readers, I 
dare expeRt thit my forbearing co: infiſt on ſuch things as I 
judg'd wholly exrrinſecal to rhe Opimans 'and- Arguments 1 
examine will be aſcrib'd ro the true Cauſe, That my Difſ- 
courſe will not be thought to have the lefle of Reaſon for ha- 
ving the leſs of Paſhon z and (eſpecially) Thac my filence as 
to thoſe things that are ſpoken to the Diſparagement of the 

Illuſtrious Company that meets at Greſham Colledge, will be 
look'd upon only as an effeR of my judging it fir to leave them 
the full Liberty co right themſelves, it they think ic worth 
while, by ſome better Pen then mine. And it Mr, Hebbs think 
fit to ſay any thing to the following Diſcourſe, ic will not be 
amiſſe that his Reply be as inoffenſfive as I have endevour'd to 
make my Examen, For having diſpatch'd as mach as I think 

xequilice to ſay of this Controverfie my (elf, and having other 

(and I hope better) Employments for my leaſure hours, if I can 

getany 3 | muſt leave the further Diſpures, if any ſhall ariſe, to 

be manag'd by others, who, if Mr. Hobbs refuſe to imitate my 
way of writing, will poſſibly make no (cruple to imitgge his. 


and 


* So go your Wayes 

(ſperking ro Door 

F. walls and DoRor 

S. ard) you uncivil 

Ecclefafticks, lohu- 
mane Dirines, De- 
doRors of Morality, 
unaſinousCollegues, 
Epregious pair of 
Iſachar*s,naoſt wret- 
ched Yindices and 
Indices Academia- 
Yum; and remem- 
ber Yeiþafrans Law, 
&c. Mr. Hobbs Leſ\- 
ſon 6. page 64. 


and put him in mind of that Law. of Feſ ; ypon 1 hich " 
bimſelt would be thought to gronnd oy; eee. 1 


= 


he beſtows upon ' the two. Learned Sevilias 
* Profeſſors, That it « unlewful to giveill Lax- 
guage firſt, but civil and lawful to retwy 
it, I have but one thing more to adde z which 
is, that I would not be ſo far miſtaken, as to 
be upon the Account of what 1 have writen 
againſt my two Adverſaries, look'd upon as a 
Perſon wedded to his Opinions: For not ha- 
ving hitherto learn'd that either of their- Books 
has yet made Proſehtes, I preſume it will nor 
be wonder'd at that they have not made me 
one. Andthough the two Learned Authors 
I have anſwer'd, have given me no Cauſe to 


retraR any of my Opinions z yet as 'tis not- improbable that o- 
thers reaſoning upon better Principles may do what theſe 
have not done, ſol am ſtill of the ſame temperI was of when 


I us'd to propoſe my Thoughts but as ConjeRures. 


A N 
EXAMEN 
Of the greateſt Part of Mr. Hobbs's 
Dialogus Phyſicus De Natura Aer. 


CHAP. I, 
The Occaſion and Scope of the preſent Treatiſe. 


— . 


=——== Ecting tbe other day with a Treatiſe then newly 
3 WW; (5 publiſht by Mr. Hebbs, and intituled Dialogss 
de Phyſicus De Natura Aeris, The Name of the 
Author, the Subject of the Book, and the Infor- 
mation I had a good while before received from 
bis Friends that he was wricing againſt me, in- 
vited me to peruſe itasa Diſcourſe wherein I mighe probably 
find my ſelf concern'd : nor was I deceived in my ExpeRation. 
For having curſorily paſs'd through it, I readily found, thar 
though I be not expreſly nam'd there, and though ſome things 
in the Title- Page, and ſome others in-the Book it ſelf, ſeem to 
make the chiet Deſign of ic ro be the Diſparagement of the 
Society that is wont to meet at Greſheaw Colledge yet the Ar- 
b - guments 


guments are for the moſt part levelled at ſome Writings of © 
mine, publiſhed ſome of them-tbe year-before, and ſome of 
chem this laſt Spring, As the Experiments, whoſe Explicati- 
ons he is pleaſed to cenſure, do all along declare, T: conteſſe 
I was ſomewhat ſurpriz'd to find that Mr, Hobbs, whom if my 
Books bave ar all mentioned, it has been wich reſpec, fhould 

fall apon a-perſon that had norprovoked him,” white {och M 2- 
thematicians as Dr, Walls , Dr. Ward, Tacquet, and Moranus 
(Men much too tamous to be deſpicable Adverſaries) having 
a good while ſince profeſſedly and unchalleng'd wricten againſt 
him, he hath yer, the whole Diſcourfes of ſome, and ſo great 
a part of ghe ObjeRions gf, the others, to reply ro. Aad it 
ſomewhat "added to my wonder, that a Writer of Policicks 
ſhoald cauſele{ly-and needleſly, for ought I can learn, fall upon 
a Society, whereot, befides many other Perſons of Qaality and 
men of Parts,his own great Patron,and my highly Honour'd and 
Learned Friend, The Earl of Dewvoxſhire him(eif, is an Tiluſtrious 
Member, And as for me,1 thal not (cruplz to confeſs, that 1 could 
have been well enough contented Mr. Hobbs had ſpared this Dia- 
logue, partly becauſe I have a natural Indiſpos'dneſs ro Con- 
tention, . partly becauſe I am ar preſent diſtrated by ſtore of 
other Employmeats both of a Publick and a Private nature, 
(and'ipMicularly by che publiſhing of chree or four Books of UiÞ- 
fering Subjedts, and Prinred-in ſeveral places) partly becauſe 
Mr.'Hobbs's 'ObjeRions are of ſuch a Nature, thac perhaps my 
Replies, though as ſhort as (my Deſign mention'd in the Pre 
face conſidered) 1-canconveniently make them, will amounrro 
$lodger Diſcouffe then moſt Readers will think the ObjeRtions 
needed ; and partly c60, decauſe: Mr. Hobbs is pleas'd to write 
of divers Worrhy'and Learned Men in {o depreciating, andiof 
himfelf-in ſo differing, a way, that I fear I ſhallfind it ſome- 
what ufteaſie'ro reram (under ſuch Provocations' to decline it) ' 
the Clvtliry I 2m wont;and am deſirous to wrice wich 5 [and that 
"Tiieft almoſt deſpair of diſfenting withour ag: abfolace! Raprure 
tofti'a Perſon; whoſe way of 'Diſcourfing is ſach, rhar/ though 


L ſhall notigive ir'any; Epithers,: yet], confeſsic leaves. me buc 
lictlehops:tharl can oppaſe him without, angeriog)hims '--1 -: 

But however, becaule if I can (as Fintend to do) ſo :far com- 
ply with my Inclinations and my Cuſtom, as to wave perſonall 
and extrinfick Matters, and reſtrain my ſelt ro the Examen of 
the Argumentative part. of his Diſcourſe z My Reply will noc 
need to be prolix; and becauſe he has voochſafed rather to 
ſingle out a young Writer, whoſe Books (art leaſt of Matters 
Philoſophical) do but begin to appear in the World , then to 
defend himſelf againſt thoſe Illuſtiious Enemies, upon whom he 
might expect to gain much more Honours and becauſe Mr. 
Hebbi's Name may with ſome Readers. give his Arguments an 
Efficacy which cheir own Nature could not confer on them ; 1 
muſt reſolve to ſubmit to what he and my Concern for the 
Truths he rejzeRs impoſe upon me. But to ſhorten as much as 
I can a Work to which I can allow bur very little time , it will 
be expedient before I deſcend to the Examination of Particulars, 
topremiſe three or four Advertiſements touching the Occaſion 
and the Nature of the Controverſie, that I might not be re- 
duc'd to a. frequent and unwelcome -Inculcation of the ſame 
thigs, - 


— ————— —  — ——_— 


| _ CHAD. 11, 
Of ſome miſtakes of Myr. Hobbs touching matters of fat, 


and the Author's Dofrine. 
| | 


Nd firſt, whereas Mr, Hobbs is pleas dtowrite as if' the 'Ex- 
plications and Experiments to be met with in the Phyſico- 
Mechanical Treatiſe he cenſures, were thoſe of the whole 
Society at Greſham Colledge ;- I muſt do chem that Right to de- 
clare; that this way of Proceeding is manifeſtly grounded pon a 
Miſtake, I will not affirm that the Miſtake was wilful, that Mr: 
Hobbs might give himſelt a pretence to Qaarrel with them, (who 
have hitherto ſuſpended the __—— themſelves as a Society) 
- in 


in the controverted Points. But there ate ſome that think * 
Mr, Hobbs might very eafily bave avoided this Miſtake: fince 
the Book he cenſures was publiſhed /and perhaps taken notice 
of by moſt of the Yirt#oſs here) ſome Months betore the Society 
was begun. And the Experiments themſelves had been | 
before the Book came forth, not only ſeen and diſcourſed of, 
by divers Learned Men and Illuſtrious Perſons, but had the Ho- 
nour to have our great Monarch of the Yirtuoſs, as well as of 
Great Britain, for a SpeRator. And though poſhbly divers of the 
Learned Members of our Aſſembly may have no unfavourable 
oPinion of what I have delivered in that Book ; yet the Afſem- 
bly, as ſuch, has been ſo far from Adopting or Owaing my O- 
Pinions as theirs, that it has wich Approbation been propos'd a- 
mong them, to repeat the Experiments, and take a review of 
the Explications, that upon a ſtri Examen of the ſeveral Opi- 
nions, and the ObjeRions that could be brought in againſt them, 
they might ſee what Judgement will be fic to be paſt on them. 
And although there be very few Philoſophers. whoſe Parts may 
make their Judgement more formidable ro me z yet ro comply 
with their Defizn, whatſoever the event might be, I'preſented 
them the Engine it ſelf, 1 had made uſe of and deſcrib'd. in my 
Book  chuſing rather to undergo their Cenſures,then want their 
Inſtrutions. By which it may appear, upon- how little gronnd 
Mr. Hobbs has thought firto impure to the Society thoſe Opi- 
nions which-(how Erroneous ſoever he is pleas'd ro think them,) 
Imuſt own to be mine, And this Juſtice I the rather do Ir, 
becauſe 'ris all that I am to do inthis Treatiſe on their Behalf, 
not only for the Reaſons above intimated, bur becauſe the Vin- 
dication of ſuch an Afſembly againſt Mr, Hobbs deſerves a better 
Pen then mine, though ic doth not need it, 

Secondly, undertaking then the Defence of my own Cauſe, 
without Iaterefing them in my Quarrel, I muſt next admoniſh 
the Reader, that whereas Mr. Hobbs writes, as if the new Ex- 
perim«<ats were deviſed, or at leaſt employ'd, to prove a Yacwums 
he is in this likewiſe miſtaken. For neither has che Society de- 
Clared. 


cared either for or againſt a Yacuem, nor have I: Nay I have - 
not only forborn to profeſs my elf a Yacuiſt, or a Pleniſt, bur 
I have in a fir place of my Epiſtle expreſly (3id, that I referv'd 
the declaring of my own Opinion touching that Point ro an9- 
ther Diſcourſe (which as yer is nor publiſhed.) Wherefore 
Mr, Hobbs either injures or miſtakes thoſe, whom he will needs 
make his Adverſaries, when he repreſents the new Experiments 
as Demonſtrations alledg'd by proteſs'd Vacuiſts to diſprove the 
Fulneſs of the World. And though I ſhall be oblig'd in the fol- 
lowing Diſcourſe to rejeRt Mr, Hebbs's Suppolition of a Plenum; 
yet I intend not thereby to declare whether or no I do abſolute- 
ly allow a Vacuum. Bat that which 1 Crive at, and which alone 
my preſent Work exaQs, is ro ſhew that I may reaſonably op- 
poſe the Hypotheſis of a Plenum, as it is ſtated by Mr, Hobbs : 
and conſequently, unleſs he had better prov'd it, I may very 
well refuſe to let Him take it for demonſtrated, But I intend nor 
to-queſtion whether or no other Pleniſts may not bave better 
Argumeats then his Principles have ſuggeſted ro him : nor to 
deny but that the Carteſians, may without granting a Yacunm, 
give a more plauſible Account (whether true or no) of divers at 
the Phenomena of our Engine, if they w.ll add, as ſome of them 
of late have done the Spring of the Air to their Hypotheſss, 
Thac the Celeſtial Matter of which the Air does in great part 
conſiſt, is ſubtile enough freely to paſs through the Pores of the 
cloſeſt Bodies, and even Gliſs it (elf, 

As for the Aſſertion Now dari vacuum, though, as I ſaid, I 
need not inthis place declare my (elf either for or againſt ic, yet 
I confeſs Ido not find that Mr. Hobbs, though all. along this 
Diſcourſe he argues from this Principle againſt thoſe he thinks 
. Vacuiſts, has demonſtrated it. For in bis Book De 

Corpore (though a main part of it depend upon the {7% i* 
Plenitude of the World) He has-thar, I remember, 
buc one poſitive Argumeat (indeed he thinks that unanſwerable) 
roevince it. And that is drawn from this Experiment : That if 
4 Gardeners Watering- Pot be fill d with Water, the hole at the top 
bing 


being flopt, the Water will not flow out at #ny of the” hates in the bat- 
tom : But if the finger be removed to let inthe Air above, it will run 
out at them all ; and, as ſoon as the finger is applied to it again, the 
Water will ſuddenly and totally be ſtayed again from running out, 
The canſe whereof ({ubjoyns he) fra to be no other but this, that 
the Water cannot by its natural endeavour to deſcend drive down the 
Air below it, becauſe there is no place for it togo into; unleſſe eithcy 
by thruſting away the next contiguous Air it proceed by continual en= 
deavour to the hole at the top, where it may enter and ſucceed in the 
place of the Water that floweth out ;, or elſe by reſiſting the endea- 
wour of the Water downwards penetrate the ſame , and paſs up 
throuth it, | 

But this Experiment, as an obvious one, and without drea- 
ming that Mr. Hobbs had laid ſuch ſtreſs upon it, I have inciden- 
tally anſwer'd in what I ſay in two or three paſſages on the thir- 
ty third Experiment of my Epiſtle. But after tound thar it had 
been more tully anſwer'd (but upon Grounds ſome of which 1 
do not need)by my Learned Friend Dr.Ward, with whom I thus 
xake Mr. Hobbs his Argument to pieces, The Caule,according 
to Mr, Aobbs, of the Suſpenfion of the Water in the Veſſel is, 
chat the Water cannot thruſt away the Air, 2. And it cannor 
thruſt that away unleſs-Air ſucceed in its place, 3. But Air 
cannor ſucceed in its place, unleſs either by getting in at the 
upper Orifice, or at the Holes that perforate the bottom. By 
which view of the Argument it appears that the main force of it 
lies in the ſecond Propoſition ; but neicher doth he demonſtrate 
chat (which omiſſion might excuſe us from any further An- 
ſwer) nor indeed dol think it true. For it the Watering Pot 
were ta]l enough, what Reaſon is there, why the Water ſhould 
not run out at the Hbles of it ? as Monſieur Paſchall's Experiment 
mentioned in my Epiſtle manifeſts; That thongh in a Glaſs- 
Tube Hermetically ſealed at one end, and ſeveral times as long 
as a Warering- Pot, the Water will not fall down; yer it will, 
ifthe Tube exceed two or three and thirty foor, or thereabours, 
" Acd indeed the Suſpenſion or Deſcent of the Water depends 
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ypon the Proportion betwixt the weight of the Aqueous Pillar 
that tends downwards, and the Reſiſtance or Preſſure of the 
Air that can come to bear againſt ir, For as on the one fide, 
when the height of char Pillar is ſo increasd, as that it can out- 
weigh the Atmoſpberical Cylinder that oppoſes its Deſcear, 
'ewill low out till choſe ewo Cylinders come to an «£quiltbrium: 
ſo on the other fide it inſtead of increaſing the length of the Cy- 
linder of the Water, you leflen the preſſure and reſiſtence of the 
Air, the Water will likewiſe deſcend, though the Pillar be ve- 
ry (hort, as I have ſhewa in the nineteenth Experiment z where, 
by withdrawing ſome of the Air in the Receiver, and thereby 
weakning its Spring, the Water in a Tube Hermetically ſeal'd 
ar one end of but about four foot long ſublided about three foor, 
though That the ſpace relinquiſh'd by the Water was not full of 
Air, as Mr. Hobbs his Argumentation requires it ſhould be, 
may be proy'd by what is there added, That by letting in the out- 
ward Air when the Water was ſunk ſo low it was immediately impelt'd 
up again'to the higher parts of the Tubr. 

And indeed (as elſewhere diſcourſe) it feems 7 /o=7 P«- 
ro me 7 difficult” matter for thoſe chat reje&, as 7,0. 
Mr. Hobbs juſtly does, that Conceit of Natures * 
Abhorring a Yacuwm, and making ir, as it were, her Buſine(s to 
hinder it, 'to. prove there.can be no Yacuum ar all by any parti- 
cular Experiment, For if the Fulneſs of the World be not 
made neceſſary either by the Nature of Body in general, or by 
the Deſign of the Author of the Univerſe, ir carr ſcarce be eaſte 
to prove by a particular Experiment, that no Humane Force or 
Art can contrivea way of overcoming at leaft for ſome time, 
and as to ſome ſpace,either the Gravity of fAluid Bodies, or what- 
ever other Quality of the Air or Water it is by which the Con- 
tiguity of the neighbouring Parts of the World is wont to be 
maintain'd. As we ſee the Water that will not deſcend even.in 
a Tube of thirty foot, (and thereby has made men think 1t will 
never deſcend whileſt the Air. is not permitted to ſucceed irt,) 
may by our Engine be brought to ſublide in a Tube of _ a 
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footlong. And I ſhall here add this ont of my (yet unpubliſhe) © 
Dialogues of Flame and Heat z That whileſt only particular 
Experiments are brought to aſſert the Impoſſibility of a Y<cuum, 
perhaps the Vacuiſts will have the Advantage on their fide, For 
a thouſand Experiments are not of that force to prove univeplal- 
ly that a thing cannot be effeed, as one that ſhews it may be, 
is to Prove the contrary. And the Vacuifts have as, well as the 
Pleniſts ſtore of Experiments on their fide that ſeem co favour 
their Hypotheſis, according to which, were it true, I ſee not why 
they may not (ſolve the ObjeRions drawn from either the aſcen- 
fion of Liquors upon SuRion , or the non-deſcenſion of Li- 
quorsin Watering-Pots clos'd at the top, or from any of the 
like Experiments I have yer met with, in cafe the Weight and 
Spring of the Air be taken in to ſolve the Phenomens. And the 
Vacuiſts will have this Advantage, that if Mr, Hobbs ſhall (ay 
that itis as lawful for him to aſſume a Plenam as for others to 
aſſume a Y«c*wm z not only it may be anſwer'd, 'tis alſo as lawful 
for them to aſſume the contrary z and he but Barely Aſſuming, 
not Proving a Plenum, bis DoRrine will till remain queſtion- 
able. Bur I think I could more in fayour of the Yacuiſts 
Experirhents z namely, That whereas in ſome Phenomena of the 
Torrecellian Experiment, and in many of thoſe of our Engine , 
Mr. Hobbs proves the ſpace deſerted by the Quickfilyer or the 
Air to have no Vacuity, becauſe according to his Suppofition 
the World is fall; and not by any ſenſible Phenomens that 
prove the Space in Queſtion to be perfeRly full : (For no leſs 
Fuineſs is requiſite to the truth of his Hypotheſis :) The Vacuiſts 
on the other fide need not go about to prove that thoſe Spaces 
are not iull by their Hypotheſis. Bur they prove it by this, that 
it appears by ſenſible Phenomena, that the Quickfilyer deſerts 
che upper part of the Tube z and that much Air is pump'd out 
of our Receiver. (The firſt of which is evident to the Eye and 
ſo is the other roo, when the Pump is kept under Water.) Bur 
it does not appear by the like Phenomena, that the Air (as Mr, 
Hebbs would tave it in bis Elements) does Succeed to fill, I ſay, 
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perfeQly to fill the deſerted ſpace yz which alſo they will con- 
firm from hence, that in the Torrecefian Experiment by incli- 
ning the Tube the relinquiſh'd ſpace may be again readily fill'd 
with Mercvry z and it our exhauſted Receiver be plung'd under 
Water, that Liquor, when accels is given it to the Cavity, vio- 
lently ruſhes into it, and almoſt fills ir up. 

From all which it ſeems probably deducible, That 'cis a very 
hard thing, by Mr, Hebbs's way of managing the Controverfie, 
to prove that there can be no Yacaum. Bur as for the Certeſian's 
more ſubtile and plauſible way ot aſſerting 4 Plenum, it concerns 
me not here to Diſpute againſt it, or Declare for it. 

I will add this, and but this, on the occaſion of- Mr, Hobbs's 
Building a great part of his Philoſophy upon no ſurer a ground, 
That we may hence learn how little Reaſon there is to blame 
me, aS he is pleas'd to do, for making Elaborate Experiments ; 
and that though (as I have elſewhere purpoſely and amply diſ- 
conrs'd) obvious Experiments are by no means to be deſpis'd; 
yet 'ris not ſafe in all Caſes to content ones ſelf with ſuch: Eſpe- 
cially when there is Reaſon to ſuſpeR that the Phenomenon they 
exhibit may proceed from more Cauſes then one, and to ex- 
pe& that a more Artificial Trial may determine which of them 
is the true. 

Thirdly, whereas Mr, Hobbs is pleas'd to find much fault with 
the Society, and me, for not aſſigning the Cauſe of Springs in 
ps that Omiſhon ſeeming to him very unworthy of Phi- 
oſophers: I anſwer, that the Society having hicherto, tor weigh- 
ty Reaſons, forborn to determine the particular Cauſes of 
Things, there was no Reaſon they ſhould alter their Method, 
for Experiments that were not made or publiſhed by Them or 
by their Order. And as for me,the Title of my Book promiſes 
ſome Experiments touching the Spring of the Air and its Effecs, 
not Speculations of the Cauſes of Springs in general. My a- 
vow'd Intention was candidly ro communicate with the Curious 
ſome Experiments which I thought their Novelcy would render 
acceptable to them, wherein I have the good luck not to have 
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been miſtaker 5 nor c2n T He juſtly cenſur'd for not performing Io 


what I did not. underczke, nor was oblig'd to. And perhaps 
Mr. Hobbs would more prejudice the Commonwealth of Lear- 
ning by his ſeverity, then he has yet Advantag'd it byany other 
way, if he could obtain, that none ſhonld publiſh an Experi- 
ment or Obſervation that cannot by deduRion from the Firſt - 
and Catholick Principles of Philoſophy afliga the true Oauſe of 
it, But when I cake npon me to write, as Mr. Hobbs has done, 
Elements of Philoſophy, then perhaps I ſhall be able to give an 
Account of Springs, not much more unſacisfaQory then others 
think his. For though he referre us to his Explication given of 
the Motion of Reſtitution in his Book De Corpore; yetin the 
22, Chapter and 3o, SeRtion, which profeſledly contains his 
Theory of it; after having premis'd, (what rightly interpreted 
may be true enough,) that the Cauſe of the Reſticurion pro- 
ceeds not from the taking away the force by which they were 
compreſſed or extended (the removing of Impediments not having 
the Efficacy of a Cauſe) that which follows to the end of the Se- 
Rion is only this : * The Cauſe therefore of their Reſtitution is ſome 
Motion either of the Parts of the Ambient, or of the Parts of the Bo- 
dy compreſs'd or extended. But the Parts of the Ambient have no 
endeavour which contributes to their Compreſsion or Extenſion, nor 
to the ſetting them at Liberty or Reſtitution, 11 remazns therefore, 
that from the time of their Compreſsion or Extenſuon, there be left 
ſome endeavour (or Motion) by which the Impediment being remov'd, 
every-Part reſumes its former place that u to. ſay, the. Whole re- 
ſtores it ſelf, Now this notwithſtanding, Lam {o.dall, or ſo wa- 
ry, that though Thad met with this paſſage, and all the Praiſes . 
the Author in his Dialogue gives it, yet I ſhould have made 
ſome ſcruple ro undertake the affigning the true Cauſe of 
Springs in general. For firſt, the Learned Gaſſendas, and the 
Epicureens both Ancient and Modern, together with divers other 
Naturaliſts, do not admit what Mr, Hobbs ſappoſes a few 
lines before, that That whichis at refl- cannot be mov'd but by « 
moved and contiguews Movents For they think Motion, a . 
ea 


leaſt conatas ad motum, an unlooſeable Property, congenit to 
Matter. And, by the way, whatever exceptions I have to this 
Opinion, yet Iam not ſatisfied with that Principle of Mr. Hobbs, 
chough it be the Fundamental one of his Philoſopby yz unleſs ir 
be more warily propos'd. For to aſſert univerſally and without 
exception, as he does in his Elements, that nothing can be mo- 
ved but by a Body contiguous and moved, I do not take to 
be true, nor confiſtent with bis other Aſſumptions. This I 
elſwhere (in a Diſcourſe againſt another then Mr. Hobbs, abour 
che Chriſtian Religion) prove more at large : But now it will ſuf- 
fice to repreſent that Mr. Hobbs not only admitting, but ma- 
king uſe in bis Philoſophy of che Creation of the World, either 
he muſt allow that Motion is Natural to ſome, if not all Parts of 
Matter z or that God put them into a Motion not included in 
their Nature. From which it will neceſſarily follow, that at 
leaſt fome Bodies may have Motion though it be not given 
them by any Body.contiguous and moved, as an attentive con- 
fiderer may eaſily diſcern, But to return to the Cauſe of Springs, 
Secondly, whereas Mr. Hobbs aſſumes that the Parts of the Am- 
bient have no endeaydur which contributes to their Compreſh- 
on or Extenſion, nor to the ſetting of them at Liberty or Re- 
ſticution: He ſaies this indeed, but does not go abour co prove 
ic, And Iſhould the leſs have made chis precarious Aſſercion, 
becauſe that after the celebrated Des Cartes himſelf, the Carte- 
fian Philoſophers generally aſcribed the Motion of Reſtitution to 
the paſſage of a ſubtile Ethereal Subſtance ( and an <ther 
Mr, Hobb: alſo admits) through the Pores of the Springy Body, 
which ſtriving to obtain its wonted Freedom of paſlage, re- 
ſtores them to the ſhape and bigneſs from which chey were for- 
ced, Nay, I hall have occafion to ſhew anon that Mr. Hobbs 
himſelf, whatever be ſay in this place, does elſewhere aſcribe 
a Motion of their own to multitudes of Terreſtrial Corpuſcles, 
And I might add, that elſewhere he ſpeaks of the re-kindling of 
the Fire taken out of the Receiver after this manner. 
2uanquam vis illim moins in Recipiente (ut loquimini) © * 
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evacuate diminata fit, eppreſſa ab Airts Intu commot! confiſtentia, 

non tamen extinguitur z & propterea levata oppreſſion, ſatis habebit 
virium ad excitandum phantaſiam lucis quanquam debiliorem, Bart 
] ſhall rather ſubjoyn, That yer, thirdly, I do not think ic im- 
probable what che Learned Gaſſendws had taught, and what Mr, 
Hobbs here teaches, that the Reſtitution of bene Springs may 
proceed from a cerrain Endeavour or Motion in their incernal 
Parts (left from the time of their Compreſſion or Extenſion) 
which when the Impediment is remov'd, makes every Part re- 
ſume its former place, and there by makes the Whole reſtore ic 
ſelf. But this notwichſtanding, I fear'd others might be as In- 
quiſitive as my ſelf, and might expeR from him that would un- 
dertake to ſettle a general Theory of the Motion of Reſtitution, 
the clear and diſtin Explication of ſeveral Phenomena that I 
had met with, which are not touch'd, nor perhaps were, ſome of 
them, thonght upon, by Mr. Hobbs, As firſt, why ſuch a de- 
rerminate Temper of Iron'and Steel is requiſite ro make it Ela- 
ſticalz ſo thar it after having been hardned and gradually heated 
it be ſuddenly cool'd ar an inconvenient point of time, 'ic will 
be brittle, and fit ro make Gravers and other rigid Tools, not 
Springs. Next, why Bows and other Elaſtical Bodies, if they 
be kept too long bent, loſe in proceſs of time almoſt all their 
Elaſtical Power, and continue crooked, Thirdly, why not only 
divers ſolid Bodies as well as Lead and Gold, which before try- 
a], one would think as likely as many Springy ones to have 
their Parts put into a due Motion by the force that bends them, 
ſhould be devoid of an Elaſtical Power, Fourthly, what kind 
of Motion, and what kind of Texture it is, by virtue whereof, 
the Parrs of a Body being for a very ſhort time put into Motion, 
do ſome Months, perhaps ſome Years, retain in great part a' 
fmarr Motion, without in fo long a time communicating it to 
the Ambient Bodies, to ſome or other of which multicudes of 
rhem are perpetually contiguous, and thereby loſing it them- 
ſelves. Why upan ſach a bare and inartificial change made in the 
Texture of a Body as is ſcarce at all diſcernable co the Eye, 5 
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ſhould'acquire a ſtrong Spring that it had not before (as I have 
try'd upon Silver and Copper, which though flex'ble before 
they were hammer'd, yet being beaten intothin Plates obtain'd 
a notable Spring :) And why (which may ſeem more ſtrange, up- 
on 3nother light change of Texture) the acquired Spring may 
preſently be loſt again ; as I have try'd in Silver, chat Chymiſts 
ceach us loſes noching in the fire, which having by being ham- 
mer'd acquir'd a ſtrong Spring, we have preſently made flexible 
again as before, by only heating it red-hot, without ſo much 
as melting it which argues that in Springs, Texture is as well 
to be conſidered as Motion, To theſe I might add other Parti- 
culars that I had eicher made or obſerv'd (and.mention in ano- 
ther Treatiſe)concerning Springs z all which Phenomens perhaps 
every one that has read what we have lately recited out of Mr. 
Hobbs, will not preſently be able ſarisfaRorily to explicate, So 
chat I hope the equitable Reader wilnot think ir a fault chat(con- 
renting my ſelf to propoſe the two Explications of Springs, I ſaw 
moſt lik'd among the Curious ; to which I ould have added 
Mr, Hebbs's, if | had found it as much eſteemed) 1 declin'd en- 
oaging my ſelf in Controverſies about the Origine of Motion, 
and ſugh other high Speculations, as, had,my Abllities' enabled 
me, neither my Defign exaRed, nor my leilure permitted that 
I hould proſecute. And though Mr. Hobbs be pleaſed to (peak 
thus of his Notion concerning the Reſtitution of Bodies ; 
Sine qua Hypotheſs quantuſcunque labor, ars, ſumptus, ad ,, , 
rerum naturalium inviſibiles cauſas inveniendas adhibe- © © 
tur, fraſtre erit : Yet whether that bold Aſlertion ſhould paſſe 
for an Argument, tor an Hyperbole, or tor a Complemeact to 
himſelf, lam content to ler the Reader judge, 

Fourthly, Mr, Hobbs in divers paſſages wherein he diſputes 
29ainſt me, ſeems to have milapprehended my Notion of the 
Air. For when I ſay, that the Air has Gravity and an Elaſtical 
Power, or that the Air is, in great part,” Pump'd out of the 
Receiver, 'tis plain enough thatI cake the Air in the obvious 


Acception of the word, for part of the Atmoſphere which we 
breath, 


breath, and wherein we move. Nor do I find that any other of 

my Readers do otherwiſe underſtand 'me, But Mr. Hobbs 
ſeems to think he has ſufficiently confuted me, if in ſome caſes 
he bave prov'd (which whether he have done well or no is not 
bere to be examin'd) that there is a ſubtile ſubſtance, which he 
calls «Ether (but which I wiſh he had better explain'd) in ſome 
places which I take qot to be fill'd with Air z and that the e/£ther 
has or has not ſome Accidents which I deny or aſcribe to the 
Air, Whereas I deny not but that the A:weſþhere or fluid Body 
that ſurrounds the terr aqueous Globe,may, beſides the grofſer and 
more ſolid Corpuſcles wherewith it abounds, confiſt of a thin- 
ner Matter, which for diſtinRion ſake I alſo now and then call 
Ethereal. And therefore though I did not think my ſelf oblig'd 
ro declare againſt either the Atomical or the Carteſian Hypotheſis” 
touching rhe Nature of the Air, yetI propos 'd the later roo as 
probable (which as it excludes a Yacaum, ſo it makes the Air 
conſiſt in great part of a Celeſtial Matter.) And my incidental 
Explications of the RarefaRion and Condenſation of che Air, 
cogether with my comparing it to a Fleece of Wooll, ſuffici- 
ently declare that I take it not to be a Homogeneous Body ; and 
chough there be Air intercepted berwixt the Hairs of Wooll, 
yet in caſe Tſhould prove that a Box were not ſo full of Wooll 
as before, becauſe the moſt part of the Hairs had been taken 
out, I ſhould not think be argued well againſt me, that ſhould 
onely prove that the Box contain'd as much of Matter, conſiſt- 
ing of Air and Wool! together, afterwards as before, Nor do 
I think Mr. Hobbs has in divers paſſages, whereia be ſuppoſes he 
diſfpuces againſt me, much more direaly contradited what I 
reach concerning the Air, if that word be rightly and in my ſenſe 
underſtood. And on this occaſion I muſt crave leave to add, 
chat whereas he is pleas'd to intimate that I miſrepreſent the Car- 
teffan Hypotheſis, aſcribing that ro the Air which Des Cartes does 
co Waters If the Reader think it worth while to compare the 
Summary Account I give of that Hypotheſis , with what Des 
Caries himſelf bas taught in his 45, 46, & 47+ Articles - the 
ourch 
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fourth Part of his Principles, wherein that Author compriſes 
his DoAtrine of the Nature of the Air, he will quickly find, that 
whether or no Mr. Hobbs be miſtaken, 1 am not, uvleſs ir be 
in eſtimating his Hypethefss by what he teaches in his Princi- 
ples, which were publiſhed after his Meteors, and more elabo- 
rately written. And as for that particular, which aloge Mr. 
Hobbs alledges, namely, that he makes not the Parts of Air 
but of Water ſo flexible : Des Eartes s Words in the 46. Ar- 
ticle are rheſe 3 Cum ejue Particule fert omnes fant flexiles inſtar 
mollium plumularum wel tenuium funiculorym, &c. And as for 
what Mr. Hobbs ſabjoyns, Sed qui/quis tals ſyppoſutionts Author 
fait, parum refert, Nam ipſa Hypotheſis, in que wotns ſupponitar 
materie ſubtilis frne cauſa welociſeiraus, & preteres Corpuſculorum 
innumerabiles wertigines diverſe ab illizs Naterie pnico moty gene- 
rate, vix ſani hominss - { cannot but in Gratitude to ſuch a 
Perſonage declare my Diflike, to fiad him upon ſo flight an Oc- 
caſion ſo courfly as'd for an Opinion the Cenſurer of ic does no 
better confurte, and which is thonghe to þe in ſome particulars 
not ſo unlike his own. * And perhaps I ſhogld be atear'd thar- 
Mr, Hobbs's ſpeaking ſo ſeverely of one that was at leaſt a fa- 
mous Geometrician, might refle&t apon the Engliſh Civility in 
the opinion of Strangers, if I did not hope that thoſe who have 
read DoQor Ward's Exercication will look upon this cenſure of 
the Carteſien DoArine by Mr. Hobbs, as provoked by that ſevere 
Judgment of Des Cartes mentioned by theDoRor in 

theſe words z Nempe hoc eft quod alicubi admiratur Wardi Exe, 
eſt maguus Carteſins ; nuſquam eum, ſove verum , — 
ſroe falſum poſuerit, refÞt aliquid ex ſuppoſitionibus ra» 188, © 
ticcinands inferre. 
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CHAP. III. 


Wherein the Weight and Spring of the ir are aſſerted 
againſt Mr. Hobbs. 


H vs thus diſpatch'd thoſe general Conſiderations I 
thought expedient topremiſe, my propoſed Method leads 
me in the aext place to conſider that Mr, Hobbs does not, that 
I remember, deny the crath of any of che matters of fac I have 
deliver'd. Nor does he, if my memory fail me not, labour to 
prove that the Explications I have given of my Experiments, are 
not agreeable to the Dodrine I propos'd : But rather thinks fic 
ro.reje& our two grand Hypotheſes themſelves, The Weight, and 
the Spring of the Air. And therefore ic will ſuffice us in this 
Chapter, briefly, but not ſlightly, co prove what he is unwil- 
ling togranc, 

And firſt,thar the Air (in the ſenſe wherein we take the word) 
isnot devoid of Weight, we have prov'd by divers Experi- 
ments: which having more fully deliver'd in the Book it (elfe, 
it may in this place ſuffice now co name them. 

One then of theſe Experiments that prove the Air's Gravity, 
is, that we found a blowa Bladder carefully weighed in an exa& 
pair of Scales, manifeſtly heavier when full of Air, then when 
the Air was let out. 

Next, it has been obſery'd in our 36. Experiment, that an 
e£olipile, being well heated, and the lirtle hole left at the top 
of rhe Pipe being ſtopr, when it was thus bor z upon the open- 
ing of that hole, when the «£olipile was grown cold again, the 
external Air ruſhing in with a whiſtling noiſe at the forementi- 
' on'd Orifice, made the <£olipile weigh ſo much more then it did 
juſt before the external Air got in, that it amounted, by compu- 
cation, to near a thouſandth part of the Weight of an equal bulk 
of Water, And though ſome difficalty may perhaps be mov'd 


rouching the accurateneſs cf the proportion this way found our, 
| betwixt 


betwixt the gravities of thoſe Bodiesz yet that the one as wel 
25 the other is sRually heavy (which is all that we here need con- 
cend for) the Experiment ſufficiently manifeſts. 

Thirdly, in the Magdeburgick Experiment, (mention'd at the 
beginning of our Epiſtle) che ingenious makers of ir found, 
char, having before weighed the great Receiver they were to 
exhauſt, and having done the like atter the extraRti- —_— 
on of the Air, they found it to weigh one whole 31.9 5 
Ounce and 7: z quod ſane(layes the learned Publiſher, $chorum, pag. 
though a Peripatetick ) luculentiſsimum eft argy- 4** 
mentum gravitatls 4cris. | 

Fourthly, in our 36. Experiment we relate our having weigh- 
ed the Air, and that ſhut up in Bodies in our exhauſted Receiver, 
wherein of two Bodies of differing Natures (the one a blown 
Bladder, and the other a Glaſs Bubble) that were xquiponde- 
rant each toa more ſolid Weight before the Air was pumpc 
out, that which included a good quantity of Air did manifeſtly 
preponderate after the exhauſtion. 

And to theſe four we might adde other proofs to the ſame 
purpoſe z But that theſe contain in them ſuch a variety of Caſes, 
that I chink it would be ſuperfluous. 

But now let us ſee what Mr, Hobbs objeRs againſt the newly- 
mention'd Experiment of the Bladder weighed in the exhauſted 
Receiver, (for the others he quarrels not with,) 2#0d 
quidem lanx ((ayes he) in qua eſt veſica, magis deprimi- 
tur quam altera, certi eſe poſſunt, oculis teſtibus: Quod autem id 
a gravitate 4ir6s naturali acciait, certt iſe non poſſunt ; preſertim fi 
que ſit gravitatis cauſa efficiens neſciunt. Bat I know not whom 
Mr. Hobbs will perſwade, thata man cannot be ſure that Lead 
is tn Specie heavier then Cork, unleſs he knows what is the effi- 
cient cauſe of Gravity. And Mr. Hobbs ſpeaks in his 30. Chap- 
ter (where he expreſly creats of that SubjeR) as it that had not 
been explain'd by any man, and conſequently not by any Writer 
of Staticks:(and perhaps | am therein ſomewhar of his mind) And 
yet ſure all theſe Writers, treating of the Proportion of Heavy 

d Bodies, 
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Bodies, did not write they knew not what. And, though he 
mentions his own Hypotheſis, as thit then which nothing is mov e 
likely, yet think 1 could frame Objections agaiaſt ir, thar 
would not eaſily be anſwer's, if my preſent rask requir'dit; or 
it 1 found his opinion, in this point, embrac'd, as yer, by men 
of Note, Wherefore I (hall now ſay no more of it then he 
himſelf doth z namely, thar according to his Doctrine, 1t may 
well bethought to determine ( for it is a certain conſe- 
E _ - quent) that heavy Bodies deſcend with leſs ard leſs welo- 
30, See. q. C1ty,as they are more and more remote from the-« quator, 

and that at the Poles thrmſelves they will either not de- 
ſcend at all, or not deſcend by the Axis : which whither it be true or 
falſe, Experience muſt determine, Which till ic have done in 
his tavour (an event I do not expe) I hope. he will allow me to 
diſtruſt his Hypotheſis. 

But to retuin to our Experiment. The Account he gives why 
the Bladder does propend (for ſo he loves to ſpeak) is 
this, 2:04 veſica ſive follibus ſive flatu oris diſtenta ſit, 
gravior fit quam eadem veſica non diſtenta, negare nolo, propter ma- 
Jorem quaniitatem Atomorum follibus, vel Corpuſculoram fuligine- 
0rums ab halita inflatorum. Ab exper imento autem quod fit a weſica 
inflata nihil colligunt quod ſit ſatts certum. Oportuit lancibus impone- 
re duo vaſa pandere £qu4414, quorum alterum tfſet 1ccurate clauſum, 
alterum apertum : Sic enim now inflatus ſed incluſus tantum ar pon- 
deratus eſſet. Quando igitur acrems ſic ponderatun videbss, medita- 
bimur poſiia quid dicendum fit de Phanomeno quod retuleris. 
But, as to the Firſt part of this paſſage, ir does not deny the 
gravity of what we call the Air z bur only endeavours to ſhew 
what Parts they are that make it hevvy. Andas to the Second, 
he ſeems to miſtake the preſcnt Caſe, For, rhere is no need 
that the Air ia the Bladder be, before the exhauſtion of the Re- 
ceiver, (1n which the foregoing (fifteenth) Page. declares he ſup- 
poſes the Experiment to be made) heavier then the outward Air 
Wherefore when he ſubjoyns that from this Experiment we 
colleR nothing quod fit [ats certum, the Afarmationis not an 


Infe- 
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Inferehce, but Precarious, And as for the annexed way where- 
by he would wiſh to have an Experiment made fit to infer the 
oravity of the Air, if he had not over-look'd what I have delive- 
red in the beginning of the 36, Experiment, he would eafily have 
perceivd that we did make a Trial much of the ſame nature 
with thar he defires. For we weighed in our Receiver the Air, 
in a Glaſs Hermetically ſealed, wherein it was not (to uſe his 
Expreſſion) inflated, but only included. This is what he here ob- 
jets againſt the gravity of the Air in the other place (Pag. 8. 
& 9.) where he faies ſomething to this Controverfiez he in- 
culcates alſo that we ſhould firſt explicate what is Gravity, and 
then adds, Quod Atmoſphere inſunt permits corpori 
eAthereo multe tum aque tum etiam terre particule, fa- 
cile perſuadtor, ſed quod in medio «/Lthere, ſurſum, deorſum, qua- 
quaverſnm mote nec ſemper altere alteris innitentes gravitent, in- 
conceptibile eſt. To which he adds two or three Reflexions, whoſe 
Examen being here unneceſſary, would require more time then 
perhaps it would (in reterence to the preſent Controverlie) de- 
ſerve : for we are now enquiring not how the Air comes to gra- 
vitate , but whether or no it have gravity. And fince 

in his Elements of Philoſophy he grants, and gives his FP, 3*: 
Reaſon for it, That if Arr be blown into a hollow Cylin- 

der, or into a Bladder, it will encreaſe the Weight of either of them 4 
little: and fince here he likewiſe confeſſes (as we have juſt now 
ſeen) that there are mingled with the «£ther many aqueous and 
earthly (and conſequently heavy) Particles: he conteſles that 
which we labour to evince z namely, that the Air is not devoid 
of Weighr, And it concerns us no more then himſelf, to hew+ 
how the Corpuſcles, upon whoſe account the Air is heavy, make 
it ſo, And this being what Mr, Hobbs in ſeveral places thinks fit 
to obje againſt the Gravity of the Airz the Reader will, I 
ſuppoſe, eaſily rake notice chat he has lett the Experiment” of 
the eZolipile, and ſome others, unanſwered. Though theſe 
alone prove that the Air has a minifeſt Weight even when it is 


not compreſt, but retains its laxity, : 
d 2 Having 
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ſaid thus much to evince againſt Mr. Hobbs the Gravity 
ir, let us now examine whether it have nor alſo a 
— Spring ( in the ſenſe we take that word in,) 
amd, 4 This rhough Mr. Hobbs be pleas'd ro call (as - 
moſphere , tum vis E'a- he alſo does the Weight of the Air) a Dream 
Pice five aniitupie ct- yer he does himſelt grant, in effect, as much 
74, ſon um trat, Dial. . . . 
P. 22. as is requiſite to prove che Spring of the Air, 

in the (ſenſe I contend for ir. For taking upon 
him to give account (how good an one we ſhall ſee anon) of char 
known Experiment wherein the Air is compreſt in a Glaſs Bottle 
by the forcible inje&ion of Water, which Water, when che 
Glaſs is unſtop'r, the Air does again throw out in recovering its 
former Dimenſions; of this Experiment (I ſay) he gives this 
account (Pag. 24, ) Aer quo ab initio Sphara plenus erat 4 Cor- 
puſculis illis terreis mots motu circulart ſumplice , wi injeftionss 
coatius, qui quidem purns eſt exit (aquam injettam pentirans) in ac» 
rem exirinſecum, locum relinquens aque ; ſequitur ergo Corpuſcalis 
illis terreis minus relinqui loci in quo moturms ſuum naturalem 
exercere poſsint : itaque 1n ſe mutuo impingentes aquam urgent ad 
eereſſum ; eqredi-mem azr externus (quia aniverſum ſupponitur eſſe 
plenum) penttrat, locumgque egredientss arus ſucceſsive occupat, do- 
nec Corpuſcula, quantitate airts eadens reſtituta, ibertatem motui ſus 
naturalem recipiant, 

But how little this comes ſhort of granting as much Spring to 
the Air as the Carteſians do, and as I need require, may eafily 
be jadg'd by divers paſſages in our Book and particularly by 
our propoſing as not improbable, the Carteſian way of explica- 
ring the Spring of the Air ; according to-which the Corpulcles 
that ſwim in the «ber, being each hindred by the neighbou- 
ring ones from the freedom of its- motion , they. beat off one 
another (which Mr. Hobbs would have them do:) whence it 
comesto paſs thar, in any aſſfign'd portion of Air here below, 
the Corpuſcles that compoſe that portion, beaten off by one 
another, do-make the whole portion tend to obtain (though nor 
exaRtly to fill up) more room, and conſequently to. emulate a 


Spring, 


'Havin 
of the k 


Spring, like tharwhich we ſcruple not to aſcribe to a compreſt 
Fleece of Wooll, becauſe of a like endeavour to expand it ſelf, 
We may enforce this by another paſſage of Mr. Hobbs's, that 
ſpeaks expreſly enough to our preſent purpole, where he gives 
this Reaſon of one of the Phenomena of our Engine, 
Quonia per ſuftoris retraftionem aer purus impulſus erat, 
partes autem terree impulſe non erant z major erat ratio particularum 
terrearum que extra Cylindram ſultori contigue erant , ad airem 
purum, in quo motum ſunm exercebant, I 
poſt rewulſionem quam ante: quare par- (11 g-dies (ſpeaking i 
ticule ills mote minus habentes loct ad Earthy Particles in the Air) w.1l 
mot ſuum nacwralem exercendum, Ax ot ee y Tow 
alie aliis impingebant, & propellebant : &eq Warer is gremer and grea- 
neceſſe ergo erat, at Pparticule que {a- i boar oo age 
Forts ſuper fictet coniighe erant (ucto- Bodie, will —— —— 
rem ropellerent. To which ve may each other, 0 have a Perpetual 
adde, that Mr. Hobbs himſelf ſeems _ CHEST INES 
rather to rejeRt other mens wayes ter that hinders them, Elm. 
of propoſing che Spring of the Air, <7. 30. Sc. g. 
then reſolutely ro deny the thing it ſelf. For, Yidifti (ſayes he) 
jam Elaſtrum Und azris quod ſuppenunt, aut impoſsibile 
eſſe, ant recurrendum eſſe ad Hypotheſin Hobbianam, 

But beſides Mr. Hobbs's Conceſhons in the p-(Tages newly 
recited, and ſome others z we can prove the Spring of the Air 
by many of the Phenomena of our Engine, which we have de- 
duc'd from ir, and of which he does nos offer any other way of 
Explication. Wherefore we ſhall now content our ſelves to 
prove the Spring of the Air by two Experiments: The one nor 
mention'd in our Epiſtle, and the other much oppos'd by Mr. 
Hobbs. 

And Firſt,if you make the Torrecellian Experiment in a Tube 
of between two foot and halt and three foot in length, and if, 
when the Mercury reſts at its wonted Station , you dexterouſly 
ſtop the Orifice of the Tube with your Finger(that Orifice being 
lifred up as near the ſurface of the reft2gnant Mercury as it can 
be,, 
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be, without giving admiffion tothe externalAir) and if thenyon 
quite lifr up the Tobe thus ſtop into the free Air, you ſhall feel 
upon your Finger little or no gravitation or preſſure from the 
Weight of the Mercarial Cylinder,diftintt from the Weight of the 
7+ 1 np: Tube: becauſe (as we have more fully explicated this 
ſence -g.urſt Phenomenon elſewhere) the gravity of the Quickſil- 
a ver iS balanc'd by thirt of the outward Air that thruſts 
the Finger againſt it, But if you invert the Tube, and having 
let in the Air at the Orifice, ſtop it again with your Finger, and 
again let the Mercurial Cylinder lean upon that Finger; you ſhall 
then find your Finger ſtrongly preſt, and endeavour'd to be 
thruſt away : which new preſſure, fince it cannot come from the 
Aercary, that bring the very ſame that was in the Tube betore, 
nor from the Weight of the admitted Air, which perhaps may 
not amount to ſo much as a grain, to what can we rationally a- 
ſcribe it but to the Spring of the included Air , whoſe force 
will be as well maniteſt to the Eve as the Finger, it che Tube be 
unſtopr under rhe ſurface of the reſtagnant Mercury; tor then 
that in the Glaſs will not reſt as before at the uſual Station, but 
be depreſt beneath it a good way, perhaps ſome Inches? And it 
you make the Torrecell:ian Experiment in a ſhort Tube ſeal'd ar 
neither end, but ſtopt above and below with your Fingers, you 
{hall find, upon the unſtopping ot the upper Orifice, a new and 
forcible preſſute upon the Finger that keeps the lower Orifice 
ſtopr, made by the gravitation of the external Air, which was be- 
fore kept off from leaning upon the Mercurial Cylinder by the 
upper Finger ; the Pulp of which Finger by that gravitating Air 
w3S before thruſt into the deſerted Cavity of the Tube (as we 
have elſewhere diſcourſt, in a tuller mealare, ot theſe Expert- 
ments, ) Which will evince 2gainft Mr, Hebbs, both the Spring of 
the Air and Gravity of the Atmoſphere; fince he is as little as [ 
ſor alctibing theſe *henomena to the efficacy or abſence of my 
other Anragoniſt's imaginary Funiculas, 

T'e other Experiment I (hall mention is the Fourth in-our 
Fj.{i'e 4 namely, that of the (yelling and ſhrinking of a _ 

ung 
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hung in our. Receiver , according as the ambient Air, and” 
conſt-quently irs preſſure, is withdrawn or ſuffer'd to return. But 
though this Experiment be {0 congruous. to our Hypetheſts, thr 
cis generally acquie(c'd in bv thofe Ingenious men that have 14- 
therto feenit; yet Mr. Hobs: is pleas'd to reje cur Expliciti- 
on, and {ubNiture another 18 theſe WotCs, which are ail he has 
c/ ncern 8g this matter, Duia Cuticula emnis ex filtcults 
cenſtat, que proptey figuras, contacium per omnia purtta 
accuratum habere non peſſant, perwia ergo e// wſica, (Hm ſat CnltCBs- 
la, nec airt tantum, ſed etiam aque, qualis eſt ſudor. Eadem erco 
a:ris ptr vim mmcuſut eſt compreſs1o intra x eſicam que txIra, Cujus 
. cenatu', propter wviam motuum undiguaq; dicuſſatam, tendit undi- 
quaque ad ſuper ficiem Veſice CONcatam, Duare neciſſarium o/t ut 
wndiquaq; intumeſcat, & crejcente conatus vehementia tandem lace- 
rctur, Burt, it this be a fufhicient Anſwer co ſuch an Experi- 
ment, I confeſs 1 tear it will be harder then we are vet aware of 
to prove any thing by Experiments, 

For Firſt, how unlike is it to be true what he affirms, and 
w hat bis Reply ſuppoſes, namely, that ſuch Bladders as we us'd 
arereadily pervious tothe Airy when eafie Experience ſhewes 
us, that by leaſurely compreſſing ſuch blown Bladders betwixt 
our hands, we ſhall rather break them (as we have try'd) thea 
ſqueeze out the Air at the Pores* So that thereſt of his An- 
{wer being built upon what 1s ſo repugnant to common Expeti- 
ence, Wili not need a particular Contutation : but however ex 
abundarti we will adde, that in our 36. Experiment, we relate 
that by the exhauſtion of the Air we likewile broke a Glaſs 
Hermetically ſeal 'dy and to ſay that Glaſs alſo is pervious to 
Air, were to affirm what the greateſt part of his Book ſuppoſes 
to be falſe. Beſides, whereas there is not any ſenfible and un- 
queſtionable Phenomenon to prove that the Receiver is tull of any 
ſuch ar per vim incoſſus as he would have, we ſee plainly that 
when the Air does maniteſtly get into the Receiver. the Blad- 
der is not thereby made to ſwell, but ſtrangely to ſhrink. More- 


over lince (according.ep Mr. Hobbs) the Bladder is pervious ro 
the 
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the Air, and the Air within the Receiver is univerſally com- 
preſt, as well that which is within the Bladder as that which.is 
without itz bow comes it to pals, chat the Air that bears a- 
eainſt the Convex Surface of the Bladder does not refiſt thar 
which is contiguous co the Concave Superficies ot the ſame* 
And at leaſt how comes the Bladder to be broken by the Air, 
which, according to Mr. Hebbs, can get in and out at pleaſure 2 
And laſtly, to ſhew that co the ſwelling of the Bladder there 
needs nothing but the Spring of the incladed Air , and not ſuch 
veherent agitation ot the ambienc Air as Mr, Hobbs ſuppoſes 
ro be made in our Engine; It appeats by the elſewhere-mention'd 
Experiment of Merſievr Paſchal, that in the free and ordinary 
Air a Foot- ball balf blown up will (well more and more the nea- 
rer it is carried to the top of an high Mountain ; where the In- 
cumbent Cylinder of the Atmoſphere is ſhorter, and ics Weight 
lighter: and will, for the contrary Reaſon, grow more and more 
flag'd, the nearer it approches again to the foot of the Mountain, 

Though I doubt not but the Arguments employ'd in this 
Chapter will be ſefficient ro convince impartial Readers, yer I 
ſhall adde by way of Intorcement, that whereas Mr, Hobbs a- 
{cribes the Weight of the Air in Bladders to the earthy Cor- 
puſcles intruded by him that blows them up; and atcributes 
the Spring of the Airin the W nde-gun and in the Phenomena 
of oor Engine, to the violent Motion the Air is put into by the 
vehement impulſes of the Rammer or Sucker : our Dodtrine 
may be evinc'd by Experiment, wherein the Air in ics natural 
:nd wonted ſtate operates without being forcibly compreſt or 
put into motion by us. This may appear by the two ſorts of 
Experiments to be made upon high Mountains, which we have 
'mention'd and urg'd in the Second Pars of our Defence againſt 
the Learned Linus, Wherefore referring the Reader thither, we 
(hall now only in very few words mention the ſubſtance of 
them, 

The Firſt Experiment is, That it has been found vpon Tryal, 
both tormerly 1n France and fince in England, that the hw 

lver 
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filver in the Torrice#ian Experiment falls notably lower at the 
top of a Mountain then at the foor, (by Monſieur Psſchaf's ob- 
ſervation upona Hill (far higher then choſe the Experiment was 
try'd on here) the difference was ſo great, as to amount, as the 
moſt ingenious Pecquet,a happy promoter of Experimental Lear- 
ning,intorms us, to above three Inches) which we ſay is cauſed 
by this, thac the Armoſpherical Cylinder is muchlighter, as well 
25 ſhorter, ac the cop of the Mountain then at the bottom : and 
Mr. Hebbs diſallows not the Experiment, but yet gives onely 
this account of it, Sed & particule ille que imererſo 
airi ita moventur ut ſuppoſuimws, magis conferte ſwnt ad 
radicem montis quam in ſummo, nam hoc quoqs, ſuppoſuimus, But 
what then © how does the plenty of theſe interipers'd Particles 
hinder the Mercurtal Cylinder from deſcending at the bottom of 
the Hill as much as at the cop, unleſs by their gravity or preſ- 
ſure? And 'tis very unlikely that the Earthy Acomes, contigu- 
ous to the reſtagnant Mercury at the bottom of the H.lI, ſhould 
be able by their weight to keep ſuſpended a Cylinder of Mercury 
of above three Inches, unleſs the contiguous Air were gravitated 
upon by the-weight of other incumbent parts of the Armoſphere, 

The other of che ewo mentioned Experiments is briefly this, 
Thar a Termoſcope being carried from the bottom to the top 
of a Hill, che included Air, inſtead of ſhrinking in that colder 
Region, maniteſtly dilated ir ſelf, and notably depreſs'd the wa- 
ter. AneffeR which I ſee not to what itcan well be attribu- 
ted but to the ſpring of the included Air, which having not near 
{o great a preſſure againſt ic from the Armoſphere incumbent on 
the reſtagnant and ſuſpended water, was able to make it ſelf 
more room then before it could; and fince that preſſure of the 
Atmoſphere depends for ought appears upon irs gravity, the 
ſame Experiment may argue both che ſpring of the Air and its 
weight, 

And this may ſuffice for our third Chapter, wherein having 
evinc'd againſt Mr. Hobbs our grand Hypotheſis of the welght and 
ſpring of the Air, I hope we bave diſpatched the chief part of our 
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work  fince as for the particular Explications we deduce from 

theſe Hyporbeſes, there are bur very few, if any, that be endea- 
vours to prove incongruous to them. Yet after we ſhall have (in 
the following Chapter) confider'd upon what grounds he prefers 
his Doarine before ours, we ſhall (God permitting) in two or 
three other Chapters gather up the things that he objects againſt 
ſome particular Opinions and Explicatioas by us delivered, and 
examine them. | 
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CHAP. Iv. 


Wherein My. Hobbs's principal Explications of the Phazno- 
mena of the Authors Engine are examined. 


F the Hypotheſes that Mr. Hobbs aſfumes to explicate the 

' Phenomens of our Engine, bimſelf gives us a ſummary 

in this paſſage, (page 10.) Intellexti ergo Hypotheſes meas, 

I, Lud arrt inter ſperſa ſunt particule multe terrea predite motu 

cireulart fimplice, natura congenito. 2. Quod major eft quantitas 

earum particularum in aire prope ad terram quam in dire d terre 
remoitore. 

Now here I might at the beginning take notice, that there are 
other ebings which he takes for granted. As, firſt, Nen dari Y acs- 
»m, which as we have already feen he has not well evinced, nor 1 
think eaſily will upon the grounds he proceeds on. - Next, that 
our common Air ts chiefly compoſed of an Arbereal ſubſtance, 
which methinks he (hould have proved z fince' for the moſt part 
the Vacuiſts {and ſuch he will needs have his Adverſariesto be) 
admit not that pure Air of his. Thirdly, that che Air, ac leaſt 
the pure Air, is eaſily diviſible into parts alwayes fluid and al- 

| , wayes Air. Indeed he fayes of this Adamwption,* Nec 
» Pap. f [0p 9n0 taniunm, ſed credo, but neither to. ſuppoſe nor 
+14; © to believs,is to prove. And what be adds, + Neg; oft qui 
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hattenws nila adduxit rationew, quare its efſe non peſt; iſit 
were true, would conclude little, fince many things have not 
been, and perhaps cannot be, proved to be true z of whoſe not 
being poſſible no proot has been given. We might, I ſay, men- 
tion and examine theſe other Aſſumptions of our Author, bat for 
brevities ſake we will confider thoſe ewo lately recited from 

him, 
And as for the ſecond of them, bating the peculiar motion he 
is pleaſed to aſcribe co the earthy Particles, I ſhall not contend 
with him about that Hypotheſis ; and therefore ſh:ll now onely 
conſider the other, The Mot«s circulars ſimplex it ſelf, which he 
imagines in the Sun and the terreſtrial Globe, I ſhall not need ro 
examine, ſince Dr. Ward (a perſon whom, without diſparage- 
ment to a famous man, I may affirm to be ar leaſt as eſteemed 
for Aſtronomy as Mr. Hobbs) has expreſly endeavoured to con- 
fute it, and that not without ſome derifion, (which yer I willing- 
ly forbear to imitate) by Arguments that I cannot learn Mr. 
Hobbs has yet anſwered. And1 am informed that the learned 
Dr. Walls , and others, inrend ſome Animadverfions on this 
Motion. Bur reſtraining our preſent conſideration to what this 
Dialogue ſaggeſts ro me, This Aſſumption to me ſeems very 
precarious, fince I know not any unqueſtionable Example or 
Experiment whereby it can be made our, that any ſmall parcel 
of matter has ſuch a metws circulars ſimplex as he aſcribes to each 
of-theſe innumerable earchy and (as himſelf adds in the ſame 
page) aqueous Particles. The onely Argument he bringsin 
that page to prove that each Arome would have this motion, if 
all the reſt of che earth were annihilated, does not to me ſeem 
clear. For, not to meation chat it is ſtill by many learned men 
doubted whether che Terreſtrial Globe ir ſelf have ic ; nor to ex- 
amine whether or no he aſſigns a good Natural cauſe of its it is 
nor alwayes true, that each minute part of a Homogeneous body 
(which yet twill be hard co prove the Terreſtrial Globe to be) 
has in every reſpeR the ſame qualities with the whole : As the 
roundneſs which a ſmall drop of Water or Quickfilyer is com: 
Ce 3- monly 
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monly . obſerved to have when it leans upon a. dry or greafie 

plain, isnot to be met with in great portions of either of thoſe 
Liquors, though placed upon the ſame plain, And Mr. Hebbs 
as well as we makes the terrene Atoms in the Air to have gra- 
wvity, which yers a qualicy that does not properly belong ro the 
wholeGlobe of the Earthznor is it manifeſt why,becauſe the Ter- 
reſtrial Globe moves in a vaſt Circle about the Sun, each parti- 
cular Atom of it muſt deſcribe a ſmall Circle in the Air about I 
know not what Centre. And lince he teaches in his ſecond Hy- 
potheſis, and a few lines before ir, That che Air near the Earth 
abounds wich ſuch Terrene Corpulcles , 'tis not likely they 
ſhould be. permitted to exerciſe ſuch a regular motion as he at- 
tributes co them z bur hicting againſt one another, they muſt in 
probability be put into almoſt as various and contuſed a motion 
as Des-Cartes aſcribes to his Terreſtial Particles ſwimming in the 
Acmoſphere. But that which ſome will, I doubt nor, pecuiiar- 
ly wonder at in Mr, Hobbs's Hypotheſis is, that he makes this 
regular motion of each Atom nature ſue congenitxs : For Philo- 
ſophers that are known co wiſh very well co Religion, and ro 
have done it good ſervice, have been very ſhy of having recourſe, 
23S he has, co Creation, for the explaining -of particular Phengs. 
mena. And the Certeſians will think it at leaſt as allowable for 
them to ſuppoſe the Motion he will not grant in their Materia 
ſubtilis ,” as for Mr. Hobbs to aſſume it in his Particule terres : 
eſpecially ſince he ſeems ro make each ſuch .Artom pur into and 
kept in a regular motion ; whereas they aſſume bur che having 
of one general impulſe given to the whole maſs of Matter, 
Thoſe likewiſe that tancie a Spriog properly ſo called in parti- 
cular Aerial Corpuſcles, will hence perb1ps cake occaſion to 
think they may ſuppoſe an ingenite motion fit for cheir turn, as 
well as he an ingenite motue circularis fimplex. How well like- 
wiſe this Hypotheſis will agree with his Fundamental Dodtrine, 
That Nihil movetur niſi 4 corpore contiguo & moto, F leave to him 
ro confider. As alſo whether or no Gaſſend«s, and thoſe other 
Atomiſts that adctaic Creation, may not hence countenance their 
grand 
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grand ſuppoſition of the congenite motion of Atoms, which 
granted would deſtroy the beſt part of Mr. Hobbs's Philoſophy. 
But whatever become of this motwe circularis ſimplex, I need nor 
be much ſolicicous, having formerly ſhewn, that the admiſſion 
of it would not diſprove what I have delivered concerning the 
Spring of the Air: and therefore leaving Mr, Hobbs to dilpute 
ic ont, if he think fic, with his other Adverſaries, I will proceed 
to the main Explications, wherein Mr. Hobbs endeavours to pre- 
fer his Doctrine about the Phenomena of our Engine before ours, 
Aad theſe I find to be the four that enſue. 

The firſt and principal of theſe is that wherein he ſtrives to 
prove, That by ghe Exhauſtion of our Cylinder no Yacuum is 
produced, and to give of the Experiment it ſelf a very differing 
account from ours. This he does in the following paſſage 
which, by reaſon of its importance in our preſent Controverlie, 
we ſhall ſet down werbatims : Dum Saffor ((ayes he) re- o 
trahitur, quanto reliftus locus major fit, tanto minus lect re 
linquitur 4:ri externo, qui retruſus 4 Suttore moto verſus externa, 
proximum ſbi airem ſimiliter movet,& hic alium,(F ſic continud.its 
wt neceſſe fit acrem tandem compellt in locum deſertum a Sultore, &r 
intrare inter ſuper ficiem Suttorts convexam & Cylind:i concavans : 
ſuppoſito enim airis partes iſſe infinite ſwbitles, impoſſubile eſt ut via 
tlla qua retrahitur Sutter, ille non ſe inſinuent, Prims entm,conta- 
us ſuper ficierum iſtarum per omnia punt#a perfetFus eſſe non poteſt, 
54a ipſe ſuper ficies fiert infinite laves non poſſunt. Deinde wit 1lla 
qu. ad Snitorem revellendum adbibetur, cavitatem Cyl:nari ali- 
qualyulem diſtendit, Poſtremo, {i in confinio duarum diftarum ſu- 
per ficlerum ingrediatur una tantum atomius dura, 4r purus ed vid 
ingreditur conatu quantumvis debili, Poteram etiam computaſſe 
acrem illum qui propter eandem cauſam inſinuaſiet ſe per Cylinart 
valuulam, Sublatam ergo vides conſequentiam 4 retraitione Sutte- 
ris ad locum vacuum, Sequuturam hee quoq eſt,airem illum qui eſt in 
locum 4 Suttore deſertum impulſus,quis magna vi impulſus eſt moty 
walde celeri es per circuitum inter ſ(ummam & imum in Cylindro 


' movert;, cum nondum (it quod motum jus poſiit debilitare : Scis 
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autem nibil ofſe quod fibi motum aut impertiri peſſit aut diminuere. 
But this Ratiocinacion containeth divers things lyable to excep- ' 
tions z and in order to the examining of it I muſt premiſe, That I 
know not why Mr. Hobbs ſhould here confine his diſcourſe to the 
Pump without taking notice of the Glaſs, for whoſe evacuation 
*ewas defigned, Wherefore for eafier conſiderations ſake we 
will conſider, bow this diſcourſe will account for the Exhauſtion 
of the Receiver, as well as for the Cylinder ; for we uſually emp- 
ty them both in the ſame tryals. And he being obliged co ex- 
plicate the Exhauſtion of the one as well as the other, it will be 
convenient to rake inco conſideration the Receiver alſo, be- 
cauſe that being of Glaſs and tranſparent, we cag better ſee what 
bappens in it then in the opacous Cylinder. This premiſed, 
we may now proceed to the Exceptions themſelves. And, firſt, 
] do not clearly ſee by this Explication how he avoids a Y«cuum : 
For, according to his firſt words, the external Air is diſplaced 
by the motion of the Sucker outward, and this diſplac'd Air muſt 
moye that which is nexc to it, and that the next, and ſo onward, 
(whether i» ifinitum or no he declares not 3) ſo that art length 
(tandem) the Air muſt be compell'd into the place deſerted by 
the Sucker : ſo that cill chis recurning Air get in betwixe the 
Sucker and the Cylinder, how appears it from this Diſcourſe, 
that the deſerted ſpace was not empty for ſome little while ? 
For, certainly, all theſe motions of the Air forward and back- 
ward could not be perform'd in an inftant s as may appear by 
the motion of Souncs and Echo's, whoſe Velocity is reducible 
ro meaſure. Secondly, though he takes his Adverſaries to be 
" VYacuiſts, yet (to give an account of theſe Phenomena) be ſuppo- 
ſes the Plenitude of the World; as may appear both by expreſs 
paſſages in bis Dizlogue, and by bis here rendring no other pro- 
bable cauſe of the Airs getting into the room relinquiſh'd by 
the Sucker, - Bur, becauſe | have not here taken upon me the 
perſon of a Yacuiſt, I ſhall offer ſome other Conſiderations. 1 
wiſh then, thirdly, that. Mr. Hobbs had declared from whence the 
regreſs of the Airs impulſion ſhould beginz for that may one 
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be required from one that, making the World full, and for 
ought appears (the Celeſtial Globes excepted) fluid, allows us to 
believe it infinite, if the Magiſtrate ſhalt pleaſe to enjoyn us that 
belief. Fourchly, I demand whar neceflicy there is there ſhonld 
be ſuch a forcible return of the impulſe, as is requiſite to thruſt 
in che Air at ſo narrow a paſſage as that between the Sucker 
and Cylinder, For, why may not that impulſe, when diffuſed 
in che yaſt ambient Medi»m, be ſo communicated and blended 
among the differing gotions of the other parts of it, as not to 
return again from whence it begun? As we (ee that a Voice, 
though ſtrong, will not move the Air beyoad 2 certain diſtance 
ſmartly enough tobe refletedin an Echo to the Speaker : and 
a ſtone caſt into a Lake will haye the Waves it makes diverted 
from returning to the place they began at. Fitthly, I do nor 
likewiſe ſee that 'tis prov'd, or probable, whar Mr. Hobbs affirms 
of (o thick a Cylinder as ours, that it ſhould be diſtended by the 
deprefling of the Sucker. Burthis I infiſt aot on 1 for the man 
thing that is peculiar in Mr. Hobbs's Explication is, That 35 mach 
Air as is driven away by the Sucker, gers preſently in again be- 
ewixt it and the Cylinder: wherefore let us examine thar a lic- 
tle. Ifay then, that by the Air which is fo ſuppoſed to get in, 
he either means,in the uſual fenſe and in ours the Common Air, 
ſuch as we live and breath in; or he does nor. 

If be 4 ſpeak of ſuch Air, I can plain'y prove by ſeveral Ex-, 
periments, that our Engine is in great part devoid of it, 

For, firſt, if there be a contrivance made, whereby the whole 
Pump may be covered with Water, one may, as we have tryed, 
plainly ſee the Air that is drawn ont of the Receiver, at each re- 
ciprocation of the Sucker, paſs in great bubbles our of the Yalve 
through the water, 

Next,it appears by the Megdeburg Experiment formerly men- 
tioned, that by reaſon of che receis of the Air, the Globe of 
Glaſs, whence it went out, was d:miniſh'd in weight above an 
Ounce. Thirdly, che ſame cruch may be proved by the Expe- 
riments formerly mentioned of che ſwelling of a Bladder, and 
the 
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the breaking of an Hermetically-ſeal'd Glaſs upon the receſs of 
the ambient Air: theſe Experiments having been already vin- 
dicated from Mr, Hobbs's very improbable Explications of them, 
Fourthly, the ſame may be prov'd by the breaking of weik or 
ill- igur'd Receivers inwards; of which in our Hypotheſis the rea- 
ſon is clear, bnt not in Mr, Hobbs's. Bur, fifthly, (not co mul- 
ply Inſtances, though chat were eafte for me) whar | contend for 
- may be ſufficiently proved by this one Phenomenon , Thar 
though, if the Receiver being full of common Air the Key be 
rurned under water, the water will not at all be ſpurted up at the 
open Ocifice : yet the like being done after the Exhauſtion of 
the Receiver, we have had divers Gallons of water violently im- 
pell'd into the cavity of the Glaſs , which could not happen if ir 
were full of Air, both in regard there can be no probable cauſe 
aſſigned why the water ſhould be thus ſpurted up z and becauſe 
the Receiver being already full of Air, either two bodies muſt 
be coptained in one place, and ſo we muſt allow Penetration of 
Dimenſions ;, or elſe common Air, to which Glaſs 1s impervious, 
muſt paſs through the water, which we conclude it does nor, be- 
cauſe no ſuch bubbles are made in the external water, as would 
appear if comman Air paſt through it :- Nay, ſolittle of this 
common Air w4s ſometimes lett in the Globe us'd at Magdeburg, 
that when the water was ſuffered to ruſh in, it reduced the Air 
into leſs by the beholders eſtimate then the thouſandth part of 
the capacity of the Globe : Andeven if our Receiver be unſtopr, 
not under water,but in the open Air, the ambienc Air will vio- 
lensly preſs in with a noiſe great and laſting enough to.argue that 
the Glaſs was far from being tull of ſuch Air before, 

And thus we may argue againſt Mr, Hobbs, if he would have 
the Engine, when we callic exhauſted, fill'd with common Air, 
as bis words in the recited paſſage (where he talks of the exter- 
nal Air, and that impell'd into the Cylinder,wichour differencing 
them) ſeem to intimate. Bur becauſe. by ſome other paſſages 
of this Dialogue be may be favourably thought to mean, that 
the pure Air (as ue ſpeaks) is that which gets in by the ſides of 
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the Sucker into the Ptmp, and ſo into tbe Receiver ; let us con- 
ſider his Explication in tbis ſenſe alſo, And not to urge, that it 
had not been amiſgif, to avoid ambignicy, he had more clearly 
expreſt him(elt, and named that Other here, as well as he elſe- 
where calls it ſo : not to urge this, I (ay, Idefire it may be ta- 
kennotice of, that if Mr, Hebbs take the Air in this ſecond No- 
tion, he oppoſes not what I have delivered; the AirlI pretend 
to be pumpt out of the Receiver being the common Air, which 
conſiſts in great part of grofler Corpuſcles then the Athereal 
ſubſtance ; and therefore I might (ately paſs on co another ſub- 
jet. But 1 conſider further, rhat even this Explication of Mr. 
Hobbs's will be lyable to the two firſt Inconveniences lately ob- 
jeRed againſt the other in favour of the Vacuiſtsz and to divers 
of thoſe things beſides, that are objeRed in the following parts 
of that Diſcourſe. Next I obſerve again, that chough the Pump 
be all the while kept under water, yet the Exhauſtion of the Cy- 
linder and Receiver will be made as well as in the open Air : I 
demand then of Mr. Hebbs,how the pure Air gets in by the fides 
of the Sucker that is immers'd in water. I preſume that for 
want of a more plauſible Anſwer he will here ſay, (as he elſe- 
where does inan almoſt parallel caſe) That the Air paſles tho- 
rough the body of the water to fill up that deſerted ſpace, that 
muſt otherwiſe be void : But chen I appeal co any rational man, 
whether I am obliged to believe ſo unlikely a thing upon Mr. 
Habbs's bare affirmation. If I be, I muſt almoſt deſpair to prove 
things by Exp-riments ; and if he will allow me to expe from 
bim as much as he ſeems to do from me, I thall ſcarce deſpair co 
maintain almoſt any Hyperheſss I pleaſe: For, beſides that he 
does nor (Oo much as pretend by any Phenomenon to countenance 
this bold afſertion, there are Phenomena thar make againſt it, 
For I know not how many Experiments (hew us, that when Air 
paſſes through Water, it makes bubbles there, which in our caſe 
do not appear. And beſides, I fee not why the outward Air 
ſhould not rather impell the water (as we ſee it frequently does 


in ſuch caſes) then be ſuppoſed to dive ſo ſtrangely and unper- 
t ceivedly 
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ceivedly through it. When alſo the diligently-exh1uſted Re- 
ceivet is unſtopt under water, he that obſerves how the water 
ruſhes in witha ſtream as big as the paſſage will give leave, 
will bardly imagine that at the ſelt-ſame cime as much Air as 
there gets in water can paſſe through the ſame hole without 
being perceiv'd. Bur it may by Pleniſts be ſaid in Mr. Hobb's 
behalf, and it ſeems che moſt that can be ſaid, that either his 
Explication or a Yac#um muſt be admitted, To which I reply, 
Firſt, that he has not evinc'd there can be no Yacuwm , having 
endeavoured to prove it but by a fingle Experiment, which at 
beſt does not more ſtrongly plead againſt a Yacuwm then this 
does for it. Next, that we have lately made it probable, that 
by his Explication be does not avoid the neceflity of a Yacwum, 
And thirdly, that a Pleniſt without having recourſe to Mr. Hobb's 
precarious diving of the Air, may more probably decline the 
neceſſity of yielding a Yacwwm by ſaying, according to the Prin- 
ciples of the Carteſian,(the ſubrileſt and warieſt Champions for 
2 Plenum 1 have yet met with) chat the «ther is by the impulſe 
of the depreſſed Sucker and the reſiſtance of the ambient Bo- 
dies ſqueez'd in at the pores of the Glaſs or Cylinder into the 
cavity of the veſſel, as taſt as room is there made for ir. And 
] confeſſe, I ſomewhat wonder at Mr. Hobb's being averſe to 
this way of ſalving the objeRed Difh-ultie, fince (alictle above 
the middle of that paſſage of his we have ſo long been ex:- 
mining ) he ſuppoſes the parts of the Air to be infinitely ſub- 
tile z which if they are,I know not what pores can be too narrow 
for them to infinuate themſelves into, But, to prefle this no 
further, I muſt here take notice, that whether che cavity of 
the Receiver be reſolved to be (totally or in part) empty or full 
of Mr. Hobb's Atheriall Body, or the Carteſians Celeſtiall mat- 
ter; the violent ruſhing in of the water, when the veſſel is un- 
ſtopt under that Liquor, and divers other Phenomena which will 
not be aſcrib'd corthe ſubcil matter within (to which they at- 
tribute not any attraRtion) ſufficiently argue that there is in the 
External Air a far greater power of preſſing inwards, then there 
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is within of reſiſting ; and conſequently ſuch a Weight or Spring 
in that Air as my Ep.ſtle challenges to it. 1 had almoſt for- 
got £0 Anſwer the laſt lines of Mr. Hobbs's ſo often mentioned 
paſſage, where be would haye the Air that he ſuppoſes to be 
impell'd into the Sucker, to move very (wittly betwixt the top 
and bottom of it. And ſo elſewhere he would have the ſame 
Air, when it gets into the cavity of the Receiver. Bat hzving 
tired my (elf, as1 tear I have you, by dwelling ſo long up- 
on one paſſage; I will skip ſomewhar that I here approve noc ig 
the Ratiocination, and only ſay, thit when a light Bladder is 
ſuſpended in the cavity of the Receiver, it betrays no ſuch mo- 
tion 2515 here imagined; nay, the flame of a Taper, as our E- 
piſtle mentions, was not blown out, nor (for ought appeared) 
ſtir'd by this ſuppos'd wind : to which I ſhall adde, that Smoake 
produced in the Receiver whilſt it remained exhauſted, was not 
by this vehement motion of the Air blowa about the Receiver, 
as is particularly fer down in our Appendix, promiſed by the 
Tranſlator of the newly-mentioned Treatiſe, Bur if you let in 
the Common externall Air at the Srop-cock, that indeed will 
ruſh in with Noyle and Violence, and whirle about the Bladder 
that hung quietly enough before. 

Having thus examined Mr. Ho$6s's Firſt ſolemn Explicati- 
on, I now proceed to the next, wherein he undertakes ro give 
an account by his Hypotheſis of the Reaſon, Why in our Engine, 
if the Manubrium of che. depreſt Sucker happens to {lip our of the 
Pumpers hand, the Sucker is carryed up again toward the top of 
the Cylinder, Bur fince this Explication is ſuch, chat chough 
be mentions it as his firſt, preſently after the Recical of his two 
Hypotheſes, he himſelt is pleas'd co contels in the laſt page of 
his Book, chat 'tis Erroneous ; I thill turbear to vex it, thinking 
ſuch acknowledgemen's more fir ro be imicated whenever 
there is the like occaſion, then to be diſcouraged. But as tor the 
Explication which at the end ot his Dialogues he ſubſticuces 
for his Retracted one, I confeſs co me 'ris ſo obſcure, thit I know 
not well what to make ot it. _ as far as upon conſideration 
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1can underſtand ir, it is coincident with that, which in our Me- 
thod will be call'd his Fourth Explication 5 with which chat ic 
may the becter agree, ſeems one of the chief Reaſons of his al- 
rering it from what he had propoſed at firſt. Wherefore we ſhould 
preſently fall upon examining them both rogether z but that 
between them I meet with an Explication (which in our reckon- 
ing is the Third) of the Torr/cellian Experiment. 

And here he ſpends many words to prove the Opinion he 
had whether propoſed or adopted in bis Elements of Philoſo- 
phy z namely, thac che place deſerted by the {uipended Mercury 
15 not empty, but fall of Air. Bur becauſe this Expoſition af- 
ſames what he has not yet Demonſtrated, viz. Nox dart Y acwnz, 
and becauſe the Torricellian Experiment as tis wont to be made 
is none of the Phenomena of our Engine ; I ſhall refer you co what 
thoſe Learned men DoRor Ward and Moranw have proteſſedly, 
and the firſt of chem largely enough, written againſt Mr. Hobbs's 
Explication, (yer without making all chat either of them 
reaches mine:) Becauſe, for my part, it will ſuffice me to argue, 
as I did before, that if he takes the Air in the common ſenſe 
of the Word (and that wherein his Readers generally under- 
ſtand him) his conceipt is manifeſtly Repugnant co ſeverall ſuch 
Phenomena as theſe. That if the Experiment be very well 
made, we may by inclining the Tube impell the Mercury trom 
its wonted ſtation to the rop of the Tube; which will nor 
happen in caſe the Air were before Inclination-let into that de- 
ſerted ſpace. That if when the Mercury is ſerled art its wonted 
ſtation, the Tabe be lifted up our of the Reſtagnanc Qaick- 
filver, the outward Air will drive up the heavy Mercariall Cy- 
linder oftentimes with force enough to beat out the ſealed 
end, To which we ſhall adde onely this Experiment : The 
Quickſilver reſting at its wonred Ration, if you carefully ſtop 
the lower Orifice under the Surface of the Reſftagnant Quick- 
filver,and then lifting up the Tube(that which we us'd was about 
three or four foot long) into the Air, keep it well ſtopr, if, ay, 
you firſt depreſle one ead and then the other, you ſhall find the 
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Quickſilver fall againſt the depreſt extream of the Tube with 
ſuch ſwifrneſs and force, as will perhaps ſurprize you, and make 
you apprehend thar the Tube will be either beaten our of your 
hand or broken: Whereas if unſtopping the Tube whilſt che 
ſelt-ſ:me quantity of Merc#ry remains in it, you let the outward 
Air into the cavity unpoſfleſt by the Mercury, and thenit you 
again ſtop the Orifice with your finger, and proceed as former- 
ly, you ſhall perceive the motion of the included L'quor to be 
very much flower and lefſe violent then tormerly, by reaſon of 
the reſiſtance o! the admitted Air : which will alſo manifeſtly 
diſcloſe ir ſelt by the conflit and bubbles that will be produc'd 
betwixt the Air and Quickſilver in their haſty paſſing by one 
another to the oppolite ends of rhe Tube. 

If any friend of Mr, Hobbs's, (eeing the manifeſt inconveni- 
Ences of this opinion, ſhall on his behalt pretend that 'tis what he 
calls the pure Air, that paſſes through the body of the Quick- 
filver to the deſerted part of the Glaſs Cane; the anſwer is 
ready, that Mr. Hobb,'s expreſſions look ſo much another way, 
that his Readers (tor ought | have found) do generally under- 
ſind him of ſuch common Air as is diſplac'd by the deſcent of 
the Mercury, And theretore 1 had reaſon enough to argue a- 
eainſt what he wrote, as I have newly done z and however, this 
aſſertion is clearly precarious, and lyzble ro the ObjeRions for- 
merly alledg'd againſt the paſſing of the Air through the warer.. 
To which we may adde this circumſtance, that in our preſent 
caſe it muſt deſcend into afar heavier and cloſer Liquor then 
warer. But perh3ps it wil) be thought, I have already laid more 
then needed againſt an opinion which has.been rejeted as well by 
Pleniits as Vacuiſts; and though mention'd as co the main by (e- 
veral Writers,as well before Mr. Hobbs aſſerted it a$ afterwards, 
his been thought ſo unlikely,as not to have been(thac] know ot) 
approv'd by any man;even before the diſcovery of the * henomens 
of our Engine. Which laſt words I adde, becauſe that Mr. Hobbs 
no: pretencing that any attraCtion incet venes in the caſe, I ice 
not how he can poſſibly make out, ro omit other fLanomene, 
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the deſcent of the Mercary in the Tube further and further be- 

neaih its wonted ſtation, upon the Exhauſtion of the Receiver, 
and the re-aſcenfion of the lame Mercury in the ſame Tube, as 
we pleaſe rolet in more or leſs of the outward Air; without 
admitting as much of Spring or Pr«flure in the Air as Ineed 
contend to have here allowed me, The weight of the Terrene 
Particles, by which, at the end of the third Expoſition, he is re- 
ouc'd to endeavour the Solution of the Quickfilvers falling lower 
2t the top then at the botrom of a Hill, (tor I am willing to think 
that is his meaning, and that 'tis by the Tranſcribers fawlt rather 
then his, that he reſolutely affirms the quite contrary) will 
by no means ſerve his turn: It being utterly improbable to 
imagine, that the Air contain'd in ſo little a veſſell as one of our 
Receivers can by its weight counter-balance ſo ponderous a 
Cylinder of Quickſilver: W hence we may be allowed to argue 
that the Air ſuſtains ic by ſuch a Preſſure or Spring as we plead 
for, whether that proceed from the Texture of the Acriall Parti- 
cles,or from their Motion,or from both, 

The Fourth and laſt of Mr, Hobbs's principal Expoſitions is of 
that Experiment of ours, wherein 100, and odde pound weight 
being hung at the depreſſed Sucker, the Sucker was notwith- 
ſtanding impell'd up again by the Air to the top of the Cylin- 
der. Of this Phenomenon(which has not hitherto.prov'd unwel- 
come tothe V«<rtuous) Mr Hobbs gives us the following account, 

Herent hic noſt1i: (which why be ſayes I know not) 
quomeds hec expedies tu ? 

A. Expedivi ante. Aer enlm a retraione Suttorts retro pulſus,nec 
lecum in mundo (ut ſuppenimus pleno) quo [e recipiat inveniens, niſs 
quem ipſe, corpora contigna ſuis locks pellens, ſubi faceret, perpetua 
pulſione in Cylindrum tandem cogitur, tanta welocitate inter Cylin- 
ari concatam & Suttoris convexam ſuper ficiem, quanta reſpondere 
ſelect wviribms 1Ulis magnis quas ad Suctorem revellendum necſ[arias 
experti eſtt'. Aer autem ille, qua velocitate ingreditur, eandem ttt 
gr:ſſus retinet, ſimulq; latera Cylindri anti (v1 elaſtica praditi) un-. 
a.qu=q; diſtinct. Conatar ergo 4ir in Cylindre vehementer motus 
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contra omnes partes ſuperficiet Cylindri concave ; fruſtre quidems 
dam Suttor retrabitur : ſed quamprimum Sutltor manu emi(] us 
Amwem impellere ceſſat, Aer ille qui ante incu(ſus erat, propter c0na- 
tum in omne punitum ſuperficiet Cylindri interns & wim Aris 
elaſticam, inſinuabit { inter eaſdem ſuperficies eidem welecitate 
qu4 impulſus furrat, id eſt, ea velocitate que reſpondet viribus im- 
pulſionis. $1 ergo tanta ponderis vis Suitori appendatur quanta ma- 
'nuum vis erat qua impellebatur, welocit as qua idem Air t Cylin- 
dro exit, locum in mundo pleno nullam habens qud ſe recipiat, 
Suttorem rurſus ad Cylinari ſummitatem impellet, propter eand:m 
cauſam uRl effecit ut Sutfor panlo ante impulerit Azrem, Thus 
far our Authors paſlage : againſt whoſe ſolution *cis eafie to draw 
divers Arguments from what we have diſcourſt againſt the firſt 
of his four Explications, Bur though we refer you thicher, yer 
we will here alſo obſerve, that this whole conceipr of the Aires 
running in and out with ſtrange velocity between che Sucker 

and the Cylinder is precarious z nor does he propoſe any one 
Phenomenon to countenance its To which generall Advertiſe- 
ment I (hall adde the three following particulars. F:rf,that in an 

Engine ſo contrived, that the Pump lay cover'd with water,when 

the Sucker was retracted, the Atmoſphere would ſtrongly preſſe 

the water againlt itz and if the Manubrium were let go, would 

ſwiftly enough repell up the Sucker into the deſerted cavity of 
the Cylinder, Which being a caſe Parallel ro char under conſide- 

ration, let any unbiaſs'd Perſon judge how likely it is, that the 

Air could pertorm all theſe Excurſions wichour excittgg bu9- 

bles, .notwithſtanding the Waters conſtant interpoſition be- 

ewixt it and the Cylinder. Secondly, thar there is as little pro- 

bability in what our Author teaches in thoſe words, Conatur 

ergo Aer, &c, 1 might here repeat what we formerly men- 

tion'd of the breaking of our Receivers inwards, not outwards z 

and I might adde, that I ſee no reaſon why the Conatws of the In- 

gluded Air, if its Conatws were granted , ſhould he fruſtraneous, 
when the Sucker is depreſ(t. Bur I will rather demand , Why, 

if the Air withia have ſo ſtrong an eadeavour outwards, as to 
ſtrecch 


ſtretch the thick fides of the Brafſe-Cylinder, as Mr. Hobbs © 
(wich what probability, ler any man judge) would have it, I 
demand, I (ay, why this Air does not throw out the Wooden 
Peg or Valve, which we have often to our trouble ſeen thrown 
out with great force and noiſe, when che depreſt Sacker being 
chruſt up again whiles there was Air in the Cylinder , we for- 
got to leave the Yalve open; though ia this caſe the Air that 
drove out the Peg was far enough from ſtrerching the Cylia- 
der. And I further demand, how it comes to paſſe, that, if 
having ſtopt the hole of the Cylinder w.th your finger .inſtead 
of the Peg, you ſwiftly deprefle the Sncker , you ſhall be (o tar 
from feeling a Prefſure outwards againſt the Pulp of the finger 
from any thing contain'd in the cavity of the Cylinder , 
that your finger will be ſtrongly, and perhaps not without ſome 
pain,preſt in by the ambient Air; in ſo much chat 'rwas this 
thenomezon, and one ſomewhar like it in the Torricellian Expe- 
riment, that ſeem to have ingag'd my other Adverſary, the 
Learned Zinws, to maintain a conceipt quite contrary to Mr. 
Hobbr's, and imagine in the deſerted cavity of the Cylinder, not a 
diſtending, bur violently contraRing ſubſtance, Thirdly. That as 
to the laſt part of che paſſage under confideration, beginning at 
ſþ ergo, &c. which ſeems ro me ſomewhat intricate ,-I do not 
ſo clearly underſtand why che Air char is impell'd in ſo ſwifcly 
berwixt the Cylinder and the Sucker, ſhould not refiſt che (witc 
Egreſſe Mr, Hobbs aſcribes to the included Air by the fame 
paſſage: nor why this impell'd Air, that has ſo ſtrong an en- 
deavour outward, ſhould never deprefle the Sucker (againſt 
whoſe upper part it muſt bear as well as againſt che Cylinder) * 
as well as the ſame Air diffuſing its Motion through the vaſt 
ambient Medium, can enable the external Air to thruſt up -the 
Sucker again; eſpecially, fince during ſuch a depreſſion of the 
Sucker (as we have mention'd not to happen) made by the Re- 
bound of the Air, forcibly impell'd in from the cloſe bottom of 
the Cylinder, che Air from without may all the while, with 
cog: uity enough to Mr. Hebbs's principles, get in between the 
ſaid 
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ſaid Sucker and the Cylinder. Bur not to inſiſt upon theſe ni- 
ceties : I ſay, thar the lifting up of the Sucker either is not neceſ- 
ſary to prevent a Yacuum, or that in ſome caſes it will be hard to 
ſhew how 2a Yacuum can by Mr. Hobbs be avoided. For when 
the dc preſt Sucker is ready to be thruſt up again, it you hang a 
ſomewhat greater weight at ic then an hundred and odde pounds, 
it ſhall not be lifted up at all. And I ſhall make this further im- 
provement of the Experiment under confiderarion, that whereas 
this progreſs and regreſhon of the impulſe of the external Air 
cannot reaſonably be ſuppos'd to be very laſting, you may by a 
competent weight detain the Sucker depreſt, till che ambienc 
Air is a$ quiet as it uſes to bez and yer it then you cake off the - 
overplus of weight, and perhaps alittle more, in caſe the Pump 
have not been very ſtanch, the Sucker and the great weight ap- 
pended will notwithſt :nding be carried up: which 'tis no way 
likely it could be by the impulſe of the outward Air, which had 
time to decay and be confounded. And as for the jaward Air, 
beſide that we have proved, that it has no ſuch conat#s outwards 
as Mr. Hobbs pretends, why ſhould not that, were it granted, 
rhrow out the Sucker rather then cauſe ic to be impell'd inward 
it being no way likely, that in caſe ſome Air ſhould get out of the 
cavity of the Cylinder, it could ſv move the outward Air, as 
that the reflex of that impulſe ſhould make that free outward Air 
bear more ſtrongly againſt the outſide of the Sucker then the in- 
ſide of the ſame Sucker is preſt againſt by the included Air, 
whoſe impetus is incompacably leſs d.ffuſed Bur not to be 
thought a more nice and diligent Opponent then the matter re- 
quires, I ſhall drive this Diſcourſe no further : but rather defire 
it may be obſerv'd in general, that whatever be reſolv'd to be in 
the cavity of the Cyliader when the Sucker is depreſt ; yer ſince 
cis manifeſt, that it is at leaſt in great part devoid of common 
Air, and (ince the Sucker with the appended weight may, .f che 
Inſtrument leak not, be impell'd up, when in all probability 
thoſe forced Undulacions of the Air, that may be ſuppoſed to 
have been made by the Sucker, have ceaſt ; the Carteſpans , 
5 Mr. 


Mr, Hobbs, and thoſe others that will not have recourſe to the 
un-intelligible atcraQion of ſome rarefied ſubſtance within , 
muſt aſcribe ſo ſtrange a Phenomenon to the preſſure of the Air 
without. But I ſhall no further preſs this Fourth ObjeRion, 
partly becauſe 'ris added to the other three onely ex «bundanti, 
and partly becauſe this Chapter is grown {o long already, 

I know indeed that after the Expoſition laſt recited out of 
Mr. Hobbs, he makes the Academian Dialogiſt conte(s, that che 
reſt of rhe Phenomena of our Engine may alſo not uncafily be re- 
duc'd to bis principles. But perhaps they that cake notice of the 
variety of thoſe Phenomens we have (et dowa in our Treatiſe, 
will ſcarce be of his miad ; and thoſe that have conſidered whac 
has been diſcours'd in this Chapter againſt bis four priacipal Ex- 
plications, and what I am about to ſubjoyn in the following part 
of this Treatiſe, concerning divers other Solations that he gives, 
will perhaps be inclined to think that others may be like theſe, 
without being therefore neceſſarily true. 
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CHAP, V. 


In which drivers ſcattered Explications and other paſſages 111 
A+. Hobbs's Dialogue are examined. 


I Proceed then to the Fifch Chapter, in which and the next 1 
glean up and examine divers (catrer'd paſſages, whererein he 
offers ar ſomewhat by way of Argument againſt ſome things we 
had delivered in our Epiſtolical Treatiſe : I fay, what he offers 
by way of Argument; tor as to thoſe paſſages that do but either 
praiſe himfelt or diſparage his Adverſaries, I have almoſt as lic- 
tle leifare as inclination to rake notice of 1hem, and donot much 
apprehend that the Yir1»ofi (eſpecially ſuch as know us both) will 
think what I wrice the leſs rational for being civil ; or will ler 
me ſuffer in cheir Opinions for negleRing to trouble them in a 
Philo- 
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Philoſophical Controvetrfie, with matters that do but very little 
belong to it, 

Toskip then what Mr. Hobbs is pleaſed to ſay inthe firſt Page 
of his Dialogue, concerning ſome diſputable diſcoveries abouc 
Senſttion, which he challenges to himſelf ; and to paſs by divers 
other things in the ſecond or third following pages, which relate 
to him, or to the Society he writes againſt, rather then to the 
nature of the Air ; we ſhould begin with che Opinion be thinks 
fit in the fitth page to impure to us, as 1t we diſtinguiſh'd what is 
Auid from what is not ſo, onely (for ſo his Ratiocination im- 
ports) by the bigneſs of the parts of which a Body confiſts : But 
deſigning in an —_— to be ſubjoyned to this Diſcourſe to 
eximine what I find in this Dialogue diſperſed touching Flaidi- 
ty, | ſhall now onely ſay, that he does very much miſtake and 
miſ-repreſent my Do@rine of Fluidity ; wherein 1 expreſly 
teach, That the principall cauſe or condition of it is not the ſize, 
but the motion of che ſmall parts that compoſe the fluid body. 

To take up then the particulars we are tq examine,in the order 
(as far as conveniently may be) wherein I find them lye in the 
Authors Dialogue, and pafing by at preſent thoſe things which 
either we have conſidered already, or are not to conſider in this 
place : The firſt particular that offers it ſelf to be taken notice 
of, is this paſſage at the bottom of the twelfth page ; 

B.In 14s apertum infudimus 4quam,in aqua fiſtulam ſta- 
tuimus erettam, longam, exiliſſimam obſervavimw autem aquan 
2 vaſe ſubjetFo in ereftam fiſtulam aſcendiſſe. 

A. Nec mirum : nam [uperficiem aque, particul airi interſperſe 
aqueq; contigne motu ſuo werberabant, ita ut 4qus nen potuit in fi- 
ftulam non Frndter, & ſenſibiliter quidem in fiſtulam wvalde an- 

uſtam, 

, To this 1 ſay, that'tis manifeſt by what I write in my Epiſtle, 

that I'did not then take upon me, nor do I undertake in this 

place, toaſſign the true reaſon of the propes'd Phenomenon. An 

Attempt of this kind has heen fince addreſs'd ro me, which be- 

ing ingenions, if not alſo true, may be conſulted, In the mean 

g 2 time 
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time I cannot but declare that I am no way ſatisfied with Mr, 
Hobbs's his Expoſition: For, to ſay nothing of the motion he 
aſcribes co the particles diſperſed through the Air, he leaves the 
d fliculty unſolved, fince there being common Air as well within 
the Cavicy of the ſlender Pipes as without it, he neither ſhews, 
nor ſo much as offers at, a reaſon why the preſſure of the Air 
within ſhould not refiſt rhe preflure of the ſame kind of Air 
withour ; 3s we ſee ie does in greater Pipes, And poſſibly he 
would have paſt by this particular, if he had not over-look'd the 
ACvertiſement I gave rowards the cloſe of the 35. Experiment, 
Thar it wouid concern thoſe who ſhould: undertake to ſhew the 
cauſes of this Phenomenon to bethink themſelves alſo of a reaſog 
why, if the Experiment be tryed with Quickfilver inſtead of Wa- 
ter, the Sarface of the Liquor will, inſtead of being higher, be 
lower within the Pipe then without it : Whereas it Mr. Hobby's 
Explication be ſufficient, why ſhould not the contrary happea in 
Quickſilyer as well as in W ater 

The next paſſage I have to conſider is in the 13. page thus ſer 
: down , Siquis poſt impulſionem revulſionemq, Sutforis 
oaks aliquoties repetitam, Epiſtomium ſupernt ortficit Recipientis 
conttur extrahere, inveniet illud valde gravitare, tanquam (5. mult a- 
1#m librarum pondus ab eo penderet. Unde contingit hoc? 

A. Ab airs qui eft in Recipiente fortiſſimo conatu circulari fatto 
a vislento ingreſſu acr is inter ow ficiem Suttorss convexam & Cy- 
lindri concavam, gentrato per iteratam itlam impulſionen revulſiq* 
nemq; Sultors, quam vos perperam voratrs exuttionem atris, Nam 
propter nature plenitudinem, Epiſtomium extrahi non poteſt, quin 
4:r qui eſt in Recipiente (Epiſtomio contiguus) una extrahendus fit, 
#* Qu quidem air, þ quieſceret, facillime Epiſtominum ſequeretur : ſed 
aum velociſſime circuit, ſatis dif ficulter ſequitur z id eſt, videtur eſſe 
valde grauk. 

B. Veriſimile eff : Nam #t air novws in Recipiens paulatim. ad- 
miititur, etiam-apparentem illam gravitatem paulatim perdit. 

Bur, I donot mach fear that this Explication will keep the 
E.«periment from continuing to be thought, by ingenious men, a 
notable 


notalbe Confirmation of our Hypotheſss, For, to pals by ſfome- 
thing thar, though I am no way ſatisfied with, cannot well be 
examined in few words, I anſwer, Firſt, that ifchere be ſuch 
vehement circular endeavour as he imagines of the Air in the 
Receiver, by which motion he elſewhere teaches (as we have 
ſeen above) thar the Air ruſhes out with violence enough to 
make the Atmoſphere lifrc up in our Cylinder above an hundred 
pound weight; I ſee not why it ſhould not rather throw out the 
(topple uncer conſideration, then hinder its extration. And1I 
ſee not why, when the external Airis re-admitred at the ſtop- 
cock into the exhauſted Receiver, 3nd thereupon there does ſen- 
fbly follow for alittle while a whirling about of the included 
Air, the ſtopple,thit juſt bestore ſeemed ſo much to reſiſt the be- 
ing drawn out, ſhould ceaſe ro mike any (ſuch reſiſtance. Nor 
d9 I ſee how the plenitude of Nacure ſhould, as is here intima- 
rec, hinder the extraction of the [topple : For, according to the 
Pleniſts, rhe World and the Receiver muſt be ac all cimes £qual- 
ly full. And if the contiguous Air muſt for Mr, Hobbs's reaſon 
neceſſ3:ily be extr:Red with the ſtopple in one caſe, I ſee nor 
why che like ſhould not happen in another. But ſince Mr H. 64s 
is pleaſed to call us Experimeantarian Philoſophers, let us ſhew 
thir ſuch Explications as theſe of his need not make us aſhim'd 
of the name.  Ifay then, chat it appears by our Experimen's 
thac there is no ſuch Fortif1mms conatws circulars inthe exhauſted 
Receiver as hepretends ,z but that there is indeed an endeavour 
of the ambient Atmoſphere to pre!'s inwards the parts of the 
Glaſs and Cover that are contiguous toic, For, as I have alſo: 
noted already, a light Bladder (uſpended in the cavity of the Re- 
ceiver betrayed no ſuch motion as Mr, H»bb: here ſuppoſes. To 
which I hall now adde, that neither were a pair of Scales ſuſpen-- 
ded within the ſame Cavity z nor was a long Magnetical Needle, 
chat reſted upon the point of another Needle, at all whirled 
about by this imaginary motion of the Air. Belides, it youlet- 
ſarely looſen the Braſs ſtopple, ſo that ic may be very near, but 


aot contiguous, to the ſides of the Socket, you ſhall manifeſtly 
perceive: 
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perceive a ſtrong current of Air to flow into the Receiver at that © © 
paſſage : And more then once, when inſtead of that piece of 
Braſs we ſtopt the hole in the Cover with our Cement, one 
might obſerve ſometimes whileſt we were pumping, ſometimes 
after we had done pumping, that the outward Air by degrees 
deprels'd the ſuperficies of the Cement expos'd to it, and made 
it concave,and now and then would break chrough it, thruſting 
it inward wich great violence and noiſe. 

In the ſame page our Author reRifies,after his way,another of 
our Explications in theſe words z YVidimus item aquam 
demi(ſam in Recipiens poſt SulJorss aliquot reciprocationes 
ita bullire, as fi ſuppoſito igne ferweſceres, 

A. Id quoq, accidit propter welocitatem airis ut aittum eſt, in Reci- 
plente circameuntss ; niſi forte aquamiliam dum bullit calidam quoq; 
eſſe deprehendatis. Nam ſi certi eſſemus illam caleſcere, alia cauſa _ 
Phenoment excogitanda eſſet, 

B. Imo certi ſumus quod non caleſcit ſenſibiliter. 

A. Quid ergo tali aque motui conferre poſſe putas majorem vel 
minorem Atmoſphere eravitatem f 

B. Neq, illum motum attribuunt, puts, Atmoſphere, 

But, I confeſs, I ſee not how the circular motion of the Air 
within the Receiver could in a Vial with a long neck produce 
ſach «ffeQs as in my Epiſtle are recited : eſpecially I ſee not how 
ſach a wind paſſing along the ſurface of the Water could raiſe ſo 
many and fo ſtrangely- big bubbles, which ſeemed many of them 
tO riſe from the lower parts of che Water,and (well'd notably as 
they aſcended and how ſuch a wind ſhoald carry up the moſt 
part of the Water through the long neck of the Vial, and asir 
were ſpout it into the Receiver. 

As tor what he {ayes abour the gravity of the Atmoſphere, 
'is plain enough that my conjecture aſcribes the Phenomenon to 
che taking off, not the gravity of the external Air,burt of the pre(- 
ſure of the Air within the Receiver : though I (ee not why the 
removal of the weight ot the Acmoſphere, if it could be out of 
the Enzine effected, ſhould not have a like operation, 

And 
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And (to anſwer Mr. Hebb:i's Queſtion as it ſhould have been 
pus) that which [ think che greater or leſſer preſſure of the Air 
confers to this Phenomenon is this, That whereas common Expe- 
rience ſhews us, that water by being heated is expanded, and has 
bubbles generated in it; and whereas our former Experiments, 
eſpecially the 28. have made it appear, that there is wont to be 
in Water and other liquors Aerial Particles, which tend to ex- 
pand themſelves, and do actually do fo, in numerous bubbles, 
when the preſſure of the incumbent Air is conſiderably leſſened : 
In the preſent Phenomenon that preflure being by the exhauſtion 
of the Receiver taken off, the Aerial particles and agitated. Va- 
pours that abound in the hot water are allowed to expand them- 
ſelves, as before they could not, and ro make ſuch numerous 
and great bubbles, that thereby a good part of the water is car- 
ried out of the Vial. Sochat 1 ſomewhat wonder what mikes 
Mr, Hobbs ſpeak as if there were no ſenſible hear of the waiter 
pader conſideration, fince 'tis expreſly ſaid that ic was pur in hors 
and it it were put in cold, could by no pumping be brought to th: 
leaſt ſhew of Efferveſcence, And as for his Explication of thz 
Phenomenon, the Experimentarian Philoſophers need not the 
ObjeRion lately made againſt it: ForT have already evinced by 
Experiments, that there is in our exhauſted Receivers no (uch 
peculiar motion of the Air as he aſcribes the Phenomenon to x 
nay, when there is maniteſtly a whirling about of the Air in the 
Glaſs upon the admiſhon of the external Air, the production of 
numerous bubbles in the water preſently ceaſeth. And there- 
fore I ſee not why Mr, Hobbs might not have let alone my Con- 
jeRure, (for I propos d ir, and look upon it, as no more) unleſs he 
could either have diſproved it becter, or ſubſtituted a more pro- 
bable one then he has done in its place. 

As for what he adds in theſe words, Ab hoc experiments mavi- 
feſtum eſt ,quod Recipiens per exuttionem hanc quam voca- 
1s Airss, non fit vacuum, Nam movert aqua non potuit 
niſi a movente ai1quo mots & contigno. Itaq;, Phenomenum hoc de- 
monſtrationem ſuppoſitioniss mee continere widetur non infirmam. 
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I am not obliged to anſwer it, but leave that to thoſe that are ** 
proteſt Vacuiſts z againſt whom I muſt doubr whether his Rati- 
ocination will conclude, though the conſequence be not manifeſt 
come. For bimſelf allows his Terreſtrial Acoms an innate cir- 
cular motion, which conſequently needs not depend upon ſome 
body contiguous and moved ; and the Vacuiſts will ſay, char 
the particles of the water being ſtrongly agitated when it was put 
into the Receiver, (whether by fiery Corpuſcles (warming in ir, 
or otherwiſe) and the reſiſtance of the incumbent Air being ta- 
ken off, the Phenomenon.would be produced juſt as itis, though 
we ſhould ſuppoſe no other body to ſucceed in the room of the 
exhauſted Air. And beſides, though ſome ſubtile particles of 
ative matter ſhould get into agitate the Aqueous and Aerial 
Corpuſcles, yer (they may ſay) there is no neceſſity that ſuch 
minute particles ſhould be numerous enough to fill up exadly all 
the little ſpaces deſerted by the Air, And even upon this ſup- 
polition,as it would not follow that ſuch relinquiſh'd ſpaces were 
all of them quite empty ; ſo would not the Phenomenon at all 
preve, much leſs maniteſtly prove, that they were quite ful, 
And fince an aQual hear, that is, a brisk and various Agication of 
its ſmall parts, is requiſite to the boyling of the water in this 
Experiment ; perhaps others will not think it more abſutd, thac 
the removal of the preſſure of the Air ſhould occafion this expan- 
five motion in the water, then that which Mr. Hebbs muſt allow, 
that in Air compreſt by Quickſilver, or ſome other weight, 
the removal of thar preſſure 15 ſufficient ro make that Air ex- 
pand it ſelf by the lying abroad ot its parts. 

And whereas Mr. Hobbs urges this other Argument againſt 
the Vacuiſts, Preterca dic mibi, bullientem aquam po- 
tniſtin' conſpicere ? 

B. 9uidni ? 

A. Nonne viſionem fieri concedunt veſtri per attionem conting- 
am ab objeits ad oculum ? Nonne ttiam patant attionem eſſe motum, 
& omnem motum (ſe corpors ? Duomodo ergo potuit ab objetto, 
nempe aqua, 4d vculos tos motias per vacuum (id eſt, per non corpus) 
a:-rivart ? B. Nox 
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B.- Non af fi-mant noftri ita vacuum efſe Recipiens,. ut nullus ons 

ning tr relifi was {at 

A. Nilrrfert an t0'um Recipiens vacuum fit ,an magna tjws pars; 
nam wirumwu ſupponatar, derivatio motus ab obj:(Fo ad oculum in- 
$:1cipictur. 

B, Ita vid:tur, nec habro quod 1 ſpoxd:am, The Yacuiſts will 
perhaps anfwer bim 2ST anſwered Franciſcus Linws 10 an almoſt 
like ObjeAion, And thoſe of them (which m ike far the great- 
eſt num ber) who plead bur for an interſperſed Yacuum, will per- 
haps cell him, thac they take Viſion to be made, not by ſuch a 
Propagation of Impulſe as he does, but by a TrajeRion of Ef- 

' flovia, that iſſuing our of the Sun, and :raverſing che Diaphanous 
bodies interpos'd,rebound from the objeR to the eye. And ac- 
cording to this Dorine they may ask Mr. Hobbs, why a motion 
may not be made through a Yacuum or xon corpus : nay, how 
it can naturally be ſtopt #» vacuo where there is nothing to reſiſt 
ir, But Controverſies of this nature it lyes not upon me to pro- 
ſecute. 

Ia the 14+ page Mr, Hobbs having recited that Experiment of 
ours, of killing Animals included.in our Receiver by the exhau- 
ſtion of the Air in ewo or three minutes of an hour, ſabjoynes 
theſe words, Credin' ts animalia iſta tam cits interempta 
eſſe eo quod carerent aire? Quomedo ergo (ub aquam vi- 
wunt Urinatores, quorum altqui (aſſueti a pueritia) carnere aire per 
horam integram ? Incluſa in Recipiente animalia occidit motus ile 
idem vehementifſimus, quo diſtenduntur rump unturg incluſe veſece. 
But, though he ſayes no more in this place concerning this mat- 
rer, yer it ſeems he either much liked his own ConjeRures, or 

- greatly diſliked mine, fince in his Epiſtle Dedicatory to the lear- 
ned Sorberizs he fingles our this ſole Phenomenon to explicate z 
Ego contra ((ayes he there) neq; airem exugi poſſe, neq; incluſuns 
animal (etſy exutius eſſet) tam cito moriturum eſſe exiſtimo. Attio 
quidem quam mors ills ſequitur wideri poteſt wel ſutFio quedam (& 
propterea exuttone concluſt airs interfict animal, reſpiratione ſub- 
{ 
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ut antmal incladitary; & fic wideri poteſt mori & ttnacitate com- 
prefii aeris,quaſh aqua ſuſfocarums nimirum bauſtlum in intima palms. 
num airems ſolrto tcnactorem, inter arteriam & wenam fulmons, 
cur [wm ſanguinis intercipiendo ſiftere, Bur, as I propoied my 
Conj:Rure doubtingly, and proteſs my (elt to be in a further en+ 
quiry about ihe uſe ot the Air and of Reipiration z ſo] muſt lil] 
think, chat we want ſome further or clearer diſcovery about char 
matter, notwithſtanding what has been delivered concerning it 
by Mr. Hobbs, For his Argument againſt my Conj<Quie is in 
the paſſage that propoſ:s it anſwer'd by bimſelf: tor he plainly 
ifttimates that Divers who can live without Air (which yerl 
might queſtion, if be means without any Air at all) for a whole 
hour, are accuſtomed toit from their Childhood. Wherefore, 
unleſs the Animals that dyed in my Engine had been tor a long 
time framed by degrees to live without Air, it will not follow 
that the want of it could nor diſpatch chem in a ſhore cime, as 
ordinary men may be drowned in a few minutes, And havi 

urpoſely letdown ſome Mice and (ſmall-Birds into a deep Glaſs 
Fils wirh water, and kept them from emerging by, a Weight 
tryed to their legs or rays, chough ſome lived loager chen others, 
yet I obſerved them to be kill'd faſt enough ro keep my Conje- 
Qure from being incredible : eſpecially che laſt we made tryal of, 
though a large and luſty Mouſe, appear'd to be quite dead wichin 
fomewhar leſs thea one minute, meaſured by the Vibrations of 
a Penduiam. And we particularly took aotice, that before 
drowning divers bubbles, which ſeemed to be the reſpired Air, 
came out of their mouths,and aſcenied through the water, 

And as for the Explication thac Mr. Hebbs would recommend 
ioftead of mine, not to urge that I could with he had been pleas'd 
to ſhew us how che teaacious Airhe imagiaes co-be inſpired 
Comes © produce thole (trange Convulſions and other Symp- 

s-mentioned in my Epiſtle z nor to urge this, I ſay, we 
ave already diſproved the ſuppolition his Opinian- is built.on, 
aamely,rbar chere is in che exhauſted Receiver 1uch a wotwes-wrebe- 
wewri{rowes 25 he pretends : befides chathe fhewenoc bow this 
Motion: 
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motion comes to kill the inciuded Animals which I was tyone to 
keep, not near the Centre ot the Receiver, wirie be ſeeurs ts 
think this mocion molt operative, bur near the bo-comn of ir, ther 
the included Animal might have fomething frm naver tus feets 
Nar does it at all clear the dijhculey, chat he wou d hicvs this 
motion the ſame whereby inciuded Blacders* are cilt:nded and 
broken. For, beſides char 'tis very hard to conceive bow the 
renxcity of the Air, or its beating trom all parrs upon ttie convex 
Surface of an almoſt quite emp:y Bladder, (tor in ſuch alio che 
Experiment he refers to will ſucceed) ſhould niake it burſt ours 
wards 3 beſides this (1 ſay) we have atready proved tht the. 
diſtenſion and breaking of Bladders in our Receiver proceeds nut 
from any (ach motion of the neighbouring Air as is here preſy- 
med, bur from 2 qaite differing, it not trom a contrary cauſe. 

In the ſ2me page our Auchor makes a digreſſion from the En- 
ine, 2nd diſcourſes of another Experiment which 1 have long 
Goo often made : but chough his Explication be lyable enough 
to juſt Exceprions, (as I can make good if it be required) yec 
becauſe the Experiment is none of thoſe I delivered, I ſhall leave 
it to be ex*mined by others: and for the ſame reaſon I forbear 
to mecdle wich that he has in che nexc page concerning the 
WinJ-gun, as to what he has in the (ame 16, page in theſe 
words, Placet mihi tuna mazis Hypotheſis quam ills de i 
8774s elaſtica : nam video quod 4 weritate illins veritas den 
pendt 1.4 vacui wel plenty [cd & weritate hujus mihil ſequitar in 
nentram partems qu4/tions. Atris, inquit, ſlratture fimilss eſt com- 
preſſe lane. Bene eſt. Lana fit ex fils, Reite. Std cujuns figure ? 
$1 Pareliclopipedt, nulla pore g: compreſciopattiam : ſi non Paral- 
lelopipedi, erunt inter fila illa ſpatia quedam relifts ;, que fi vacus 
ſunt, ſupponunt Vacuum, ad probandum quod Vacaum eſt poſirbile x 
{ plena, plenum dicunt quod vacunm putent. To this patiage, I 
ay, I cannot but repreſent, chat che Queſtion is nor, whether 
trom the Hypotheſis that aſcribes a Sprinz ro the Am, depends 
the proof of a Yaceum ot 3 Plenwn, bur whether che Hyporbeſis ug 
ſelf be true or no. For, ſure there are many things cerrai in 
h 2 Nacural 
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Natural Philoſophy, from whoſe trath that of a Plenum or a 
Vacuum cannot be deduc'd. And to what he addes concerning 
the ſtruRure of the Aerial Parcicles, the Vacuiſts may tell him, 
that they make no ſuch Argument :s$ be is pleaſed to make for 
them ; 2n4 do not commonly imploy ehe Figure of the A-rial 
Particles to prove a Vacuum, but other Arguments, ſuch as Mr. 
Hobb; hs not yet well anſwered: and - having by them, as chey 
jadge, prov'd interſperſed Vacuities, they might without incon- 
venience ſuppoſe in an Aerial Corpulcle little empty Pores, up- 
on whoſe account it may be capable of compreſſion, in caſe the 
ſhould think fir (which I know not that any of them does) to 4 
ſign it the B.gure of a Paralſelopipedon. But this Controverſie 
the Vacu'ſts may, if chey pleaſe, proſecute, In the ſame page 
Mr. Hobbs begins, and in the next he continues, a long diſcourſe 
concerning the going out of fire in our Receiver upon the exhau- 
-ſtion of the Air: the paſſage is rvo prolix, and does too little 
concern the Spring of the Air to be here totally cranſcribed, or 
ex1mined Period by Period. In ſumme, he endeavours to do 
two things . the one is to reduce what happens to kindled Coals 
placed in our Engine to what happens in certain Mines, wherein 
when ſome thick d2mps aſcend, both Charcoals and Candles 
are ſoon extinguiſhed thereby : the other is to (hew, that by 
the Reciprocation of the Sucker, the Air impell'd firſt into che 
Cylinder, and chen into che Receiver, is pur into ſuch a motion 
as gives it 4 certain middle conſiſtence, as he ſpeaks, berwixt che 
confiſtence of pure Air and that of Water. Bar I ſhall not need 
ro-exam:ne this ſecond part of his diſcourſe, becauſe 1 deny the 
firſt ; and being able to diſprove the thing it ſelf, namely, 
the thickneſs ot the Air in the exhauſted Receiver, I need not 
ſpend time about what he teaches de mods, 

To examine then onely the firſt of the above- mentioned par- 
ticulars, I.hall begin wich obſerving tbar his ſtory of che damp 
to he met with in Mines is more largely ſes down by , Mr. Hobbs 
in that-Chapter of bis Elements of Pluloſophy, where he trears 
of Gravity. ia-which place he ſeems, to mencion ic (to-uſe his 
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own Expreſſion) as a ſtory of doubtful credit, which 'ris not like 
- he would hayMone if he had then ſeen ic. Which I mention, not 
thar I deny the ſtory for the main, -nor that I would bring Mr. 
Hobbs into a ſuſpicion of relating things untrue as matters ot tact, 
bis enemies themſelves having nor accuſed him of ſuch a mean- 
neſs z bn: becauſe, if-he have not ſince obſerved the thing him- 
ſelf, there may eaſily be a miſt:ke in ſome of the circumſtances; 
as for inſtance, the number of Minaces wherein che thick Air 
choaks the firez and 'tis upon that circumſtance that the validity 
of what he deduces from the obſervacion chiefly depends, Bur, 
however the matter fare with theſe ſubterraneal ,Damps, we 
have already proved by ſeveral of che Experiments of our En- 
gine, chat in the exhaufted Receiver there is no ſuch motion of 
the Air as is here ſuppoſed. And it may be ſufficiently proved, 
that whatever remains in the Receiver 15 not ſuch a ſubſtance as 
Mr. Hobbs would have it: for that, he here tells us, 1s of a con- 
fiſtence betwixt Air and Water ;z and in the above-cited place 
of his Elements he ſayes, that 'tis not much lighter then Water. 
But by the Magdeburgick Experiment (we have already had oc- 
caſion ro mention ewo or three times) 'tis evideat that the Re- 
ceiver by being exhauſted of common Air is ſo far from grow- 
ing heavier, much leſs (o- much heavier as it muſt if it were filled 
with a ſabſtance not much lighter then Warer, chat ic loſt above 
an Ounce of its tormer weight. And to this agrees what: we-ſee 
happen in «olipiles, char growlighter when the Air is expell'd. 
Befides, if the Receiver be in our preſent caſe filled with a ſub- 
Rance whoſe confliſtence is ſo much nearer chat of Warer then is 
our common Air, as Mr. Hobbs would have ir; how chance a 
Pendalym (hould not move very ſenfibly flower in.it, when in 
Water the Disdromes are ſo exceedingly much more flow * 
And the breaking of an Hermetically- ſeal'd bubble in our Recei- 
ver outwards, when the Air was much exbauſted, and not be- 
fore; together with divers other Experiments that might be ea- 
fily applyed co his purpoſe in our Epiſtle, do ſufficiently Evince, 
that 'tis not athicker and far. heavier Air, buta more yiclciag: 
| ; and. 
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and lighter, that remains after Pumping in the Cavity of our 
Receiver. And chus much as to Ms. Hobb,'s Mcourle upon 
our Experiment. Bur as for the thing ic ſelt, ic appears /thac 
when | related ic I thoughc ic mighe admit a further enquiry : 
And indeed there may be ſo many wayes of excin2uiſhing Fire 
(as we ſee that the flame of a Candle may be blowa out by the 
wind, or quenched in water, or put out by the coinpreflioa of 
a pair of Snuffers, or (affocated for want of Air to receive its fu- 
liginous teams, or (if that be a differeat way) ſtifled by the thick 
Exhalations of deep Mines or of new Wine) chat as'tis not ia all 
caſes fo eaſizgto afon che true cauſe of the extinRion of fire, (0 
'is unſafe to conclude with Mr. Hobbs, that becauſe a Candle or a 
live Coal may a great way under gronnd be extinguiſher by a thick 
Pamp, therefore theeffeRt muſt proceed from the like caule in 
our Receiver, where there is no fign of any Damp or unuſual 
thickneſs of che Air, but of che contrary. 

Bar let us follow Mr. Hebbs to the next paſſage, whereia he 
ſeems fond enough of playing the Cenſor. For, ſpeaking of our 
11, Experiment, wherein che Coals that ſeemed almoſt dead in 
our exhauſted Receiver, being taken ourinco che Air began to 
ſhine again, having made his Academian Dialogiſt ſay, Fuere c- 
Pace 3g, 170 dligut qui remanſiſſe dixerunt in carbonibus illis 

B* . (quanquam extintti videbantur) particulas quaſdem igne- 

' #4,que aumiſſe azre ventilate cateram molem denuo accenderent:The 
other (by whom Mr. Hebbs is meant) anſwers him, Ne #11; gue di- 
ceremt non videntur cogitaſſe, ſed ſortitss eſſe« This is very tevere, 
But ler us ſee what weighty reaſon he has to be ſo: Credin' twin 
Ct Carbone ignits partem aliquem non carbonem, (cd ignem 
bo" . ſes, aut in candente ferre pertem inefſe quod ferrum: non 
ft. ſed ignis ? Bur ſome will think chat by theſe words he does 
rather propoſe then prove his Opinion : wherefore let us hear his 
Ratiocination, which he annexes in the followiag words, 4b wni- 
. ca ſcimiills magna mb incendium naſci poteſl, Atqui þ 
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| ignts corpus ab ignito diverſum fit, nou pinres potuere oft 
pe tes ignea tn toto incendio quam in una illa ſcimilinls, YVidemw 
corpors 
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corpora diver forum generum 4 luce Solis tam pev refraftiontm quinn 
per reflextonem fattam in fpeculis comburentibus accendt p:ffe * 
neq; tamen quenquem efſe creds qui putet particulas igneas 4 Sole 
ejctt.as tranfire poſſe per ſubſtantiam globuli cryitallins. In aire in- 
ter medio tgnis nullws ef, But 1 doubt his Adverſaries will (ay, 
that he is {o far from having in this paſſage well confuted their 
Opinions, that he ſeems not to have well underſtood them : For 
they will tell him, that they reach not thac the fire is materially 
different from every part of the fewel; bur chac the igneous 
Corpuſcles, whileſt they are divided, blended and oppreſt with 
the others, have not the power to thine or burn, till being by 
ſome ſpark or other body aQually burning, or by ſome other 
equivalent cauſe extricared, they flock together in ſwarms, and 
then are able to burn and ſhine, chat is, to appear fire: Which 
fire is yet but a part of the fewel ; as appears by the Phlegme, 
Aſhes, and perhaps other incombuſtible pares of the Coal or 
other fewel. So that che Acomiſts and divers others will not al- 
low what Mr. Hobbs infers about an incexdivw. And whereas he 
tells us be believes that no body thinks, Particulgs igneas 4 Sole 
ejet1 as tranfire poſſe per ſubſtantiam globuli cryſtallint ; he ſeems to 
me to have very little heeded the Epicurean Hypotheſis. For, 
not onely the learned Gaſſendws, bur I know not how many other 
Artomiſts (beſides other Natural.ſts) Ancient and M»dern, ex- 
preſly teach the Snn- beams to confiſt of fiery Corpulcles, tra- 
jeRed through the Air, and capable of paſſing chrough Glaſs , 
whereby theſe Authors give an account of thoſe ſpeculs uſtoria: 
thit born by reflexion. Theſe things Irepreſent, not that 1in- 
tend here to adopt the Aromiſts Opinion of the nature of Fire, of 
wh:chk Iam not obliged ro declare my thoughts here, and have 
done it elſewhere z but ro ſhew that Mr. Hobbs's Arguments are 
not a ſufficient ground for ſo heavy a Cenſure, And it a. Coal 
be kindled ac one end, though Mr, Hobbs would have the kindled: 
end a Coal, not Fire ; yet it he pleaſe to hold it in his naked 
hand, he may find that differs enough from the other end to de- 
ſerve another name. Aad 1, that but related a Phenomenon, did 
Ba: 
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not perhaps expreſs my ſelf much leſs warily, ifnot more ſo, 
then Mr. Hobbs himſelf, For whereas my words are theſe, 
We preſently took out the Coals, in which it yr there 
had remained ſome little parcels of fire, rather covered 
then totally quench'd: for in the open air the Coals began tobe re- 
kinaled in [everal places: Mc, Hobbs evenin his Elements of 
Philoſophy ſpeaks thus upon a ſomewhat-like occafion , If 4 

Grate filled with Coals throughly kindled, and burning xe- 
3g wer ſo brightly, be let down, as ſoon as ever it ts blew 
cR, 14. / ; 

C. the fire will brgin to grow pale, and ſhortly after 
(loſing its light) be extingu'ſht, no otherwiſe then if it were quencht 
in water : but if the Grate be drawn up again preſently, while the 
Coal, are flill very hot, the fire will by little and little be kindled 
again, and (bine as before. 

As for the reaſon Mr. Hubbs aſſigns of our Experiment in the 
lately mentioned paſlage of his Dialogue , being 
grounded upon ſuch a thickneſs of the Air in the Re- 
ceiver as we have already diſproved, it needs not to be exami- 
ned, Andl1iſtly, as to what he ſubjoynes in theſe words, .2#an- 

do autem iff quod de homine were pronunciare poſſummns 
quid «ft mortuws, five (quod idem w animam expiravit. 
Coznitum enim eſt homines nonnullos pro mortuss habitos, poſtridie 
«lato; revixiſſe. 

A. De punotemporis quo anima 4 corpore [eparatur difficile eſt 
fatuere, Perge igitnr ad experimenta alia. 

I confeſs I ſce nor why char needleſs Queſtion might not have 
beca well ſpared, it be d<iigned togive it no better Anſwer. 
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CHAP, VI. 
Wherein other paſſages of Mr, Hobbs's Dialogue that con: 


cern the Author are examan d. 


VV Hat our Author has ia the 19. page concerning a Bladder 
has been already examined, wherefore I proceed co the 
next paſſage in the ſame page, which is thisz 

B. $i acus magnete excitne libere pendeat intra Recipiens, ſeque- 
tur tamen ille motam ferri quod circumaucitur extra Recipiens, Item 
objetF4 intns poſita ab iis qui extra ſunt videbuntur, & y ar intus fa- 
ai audientnr, omnia hec eque poſt atq;, ante exuttionem airs, nifs 
quod ſont ſunt aliquanto poſt quam ante debiliores. 

A. Manifeſtiftma has ſunt ſigns Recipiemtis ſemper plent, nec 
poſſe inde exugi airem, Quod antem ſont inde ſentiantur debiliores, 
fienum eſt conſiſtentia airis. Conſiſtentia autems 4;ris a motu ejus ef 


per lintas diametraliter oppoſites. But I meer with few cfthe 


Vacuiſts, who, evenin the Torricellian Experimear, think the 
place relinquiſhed by the Quickfilyer to be perfeRly void, moſt 
of them allowing, that though it be not quire full of body, yet 
it may contain ſome of the Earth's magaecical ſteams, or of thoſe 
igneous Corpuſcles that low from che Sun, or both of them, 
Now againſt theſe who would from our Experiments deduce buc 
onely an interſperſed Yacuwm, I ſee not that the Phenomens 
mentioned by Mr, Hobbs do conclude balf ſo manifeſtly as he 
pretends: For, as to the motion of the Needle within the Re- 
ceiver, 'tis known that they are wont to aſcribe Magnetical Ar- 
tration to certain Effluvis, that iſſuing out of the Loadſtone are 
ſubtile enough to paſs through the Pores of the cloſeſt bodies, 
without excepting Glaſs; ſo that alfhough the Receiver were 
quite empty'd before, the Needle might be wrought-upon by 
Magnetical Corpuſcles, that need not be ſuppoſed to fill the 10. 


part of the Receiver. I know indeed that Mr, Hobbs has ws 
cher 


ther Hypotheſss of the Phenomena of the Loadſtone, but I know 
that divers learned Writers have abſolutely rejeted ir, and not 
one ſuch that I have heard of has approved ic. And as for the 
other two Phenomera here mentioned by Mr. Hobbs, the Ato- 
miſts may anſwer, That the farſt (touching ObjeRs ſeen in the 
Receiver) has been ſh:wn already not to overthrow their Do- 
Arine : and that the other (concerning the Debilication of 
Sounds) makes againſt him, not for him z; fince we have alrea- 
dy diſproved that conliſtence ef the Air whereto he aſcribes ir, 
And the (ame Arguments that overthrow that Opinion may 
make it ſeem ſomewhat ſtrange, that he (ſhould ſubjoyn our Ex- 
periment of two like Pendu/a, whoſe Vibrations we found not 
maniteſtly to differ within and without our exhauſted Receiver, 
For the tormer ſhould move far ſlower chen the other, accord- 

ing to Mr. Hobbs's Conceit, that the Receiver, 
oper” v4 in when we ſay 'tis exhauſted, is filled with a ſub- 
bak a his Phy. ſtance of a middle cenliſtence betwixt pure Air 
ficks with that of and Water, and not much lighter then Water. 
be ucy bal But whether the Receiver be ia ſuch caſes ade- 

X quately full or no, the Yacuiſts may further con- 
ſider. For its being granted to be full wouid not overthrow ei- 
ther of my Hypotheſes , namely , the Weight and Spring of 
the Air, 

In the ſame 19. and ſome following pages Mr. Hobbs has a 
long Diſcourſe againſt my ConjeRure at the reaſon I propoſe in 
my 31. Experiment, why (as I there exprels ic) if the exquilſite- 
ly-poliſhe Surfaces of two flat pieces of Marble be ſo congruous 
ro each other, that upon their murual application there reſults 
an immediate conraR, they will ſtick ſo taſt rogether, that he 
that lifts up the uppermoſt (hall, if the undermoſt be not exceed- 
ing heavy, lift up that too, and ſuſtain ir aloft in the free Air, 
The Conj<Qure it (elf is in the ſame page thus ſer down, That 
the lower ſuperficies of that. (undermoſt) ſtone being freely 
expoſed to the Air, is preſt upon by it ; whereas the upper- 
woſt ſurface being contiguous to the ſuperiour ſtone ,is thereby defended 


from 
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from the preſſure of the Air, which conſequently preſſing the lower 
ſtone againſt the upper hinders it from falling, as we have elſewhere 
more fully declared, Which laſt words I therefore omit nor, be- 
cauſe they (hew that I handle this matter in this place bur inct- 
dentally,and may make uſe of what I have deliver'd where I treat 
of it more expreſly , as I have fince done in Print in the Hiſtory 
of Fluidity and Firmne(s, which Mr. Hebbs appears to have ſeen 
by thoſe cenſures of ſome paſſages of it that I ſhall hereafter exa- 
mine. 

His whole Diſcourſe concerning my ConjeQure, and his 
Scheme, would be too prolix to be entirely inſerted, Bur the 
thing his Diſcourſe drives at is to ſhew, that neither the Spring 
nor Weight of the Air have any thing to do with this Phenome- 
non : and therefore when he had made his Academian relate, that 
two coherent Marbles ſuſpended in our Receiver did not fall 
aſunder upon the exhauſtion of it, he ſubjoynes that ic was, 
Quia nihil iſtic erat quod ageret Atmoſphere pondus ; and annexes, 
E xperimento hoc excogitars contra opinionem eorum qui 
Vacuum aſſerunt alind argument um fortius aut evidentins 
non potuit. Nam ſi duorum coherentium alterutrum ſecundum cam 
viam in qua jacent ipſe contigne ſuperficies propulſum eſſet, facile 
ſepararentur, aire proxims in locum relittum ſucceſſive ſemper influ- 
ente ſed illa ita arvellere, ut ſimul totum amitterent contattum, 1+ 
poſcibile eſt, mundo pleno, Oporteret enim aut motum fieri ab uno 
termino ad alium in inſtante,ant duo corpora eodem tempore in eodem 
eſſe loco : quorum utrumvs dicere eft abſurdum, Bur how this 
ſhould be (o cogent and maniteſt an Argument againſt the Va- 
cuiſts I confeſs I do nor well diſcern. For that which ir proves 
(it ir prove any thing) ſeems to be, That in caſe the cohering 
Marbies could be fo ſevered as toloſeat once their whole con+ 
rac, the world might be concluded not to be tull: Bur I ſee not 
how it thence follows, that therefore there can be no Yacuum. 
For my part I would demand, whether the ſo ſtrong coheſion of 
the Marbles be neceſlary or not to the plenitude of the world. 
If it be, how chance a ſufficienc weight hung to the lower 
| 2 Marble 
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Marble can immediatly draw them aſunder? and if it benot,why 
does not Mr. Hobbs affign ſome other cauſe of their ſo ſtrong ad- 
heſion, if ir depend neither upon the Spring nor Weight of the 
Air ? As for the non- ſeparation of the two Marbles in our Recei- 
ver,I have ſaid in the (ame 31. Experiment, that the cauſe may 
probably be the preſſure of the Air remaining inthe Receiver not 
ſufficiently exhauſted. And this ConjeRure I bave more fully 
defended in what I have written about it againſt Franciſcus Linms, 
where I ſh2w, that 'tis no way unlikely the remaining Air ſhould 
be able to ſuſtain a weight of four or ive Oances hanging ar the 
lower Marble, fince the free Air was able co ſupport between 
400, and 500. Ounces hanging at the ſame. 

But Mr. Hobbs tells us, that the cauſe 1 aſſign of the cobefion 
of our M :rbles is lyable co huge inconveniences z of the great- 
neſs of which we may judge by the firſt of chem, Confitentsr 
((ayes he) tum ipſi tum ali omnes,ponderationem omnem 
conatum «ſe per lintas retF as undiqueq; 4d centrum terre, 
& proinde non per Cylindrwm vel Columnam any" per Pyrami- 
dem, cujwus vertex eft centram terra, baſis pars ſuperfictes Atmo- 
ſphere. As if it were much material whether a body whoſe Ba- 
lis is ſcarce two Inches Diameter, and whoſe lengcb amouatrs ro 
ſome thouſands of Miles, be conſidered as a Cylinder or a Pyra- 
mid, . Certainly Stevinws and other learned Writers of the Hy- 
droſtaticks would ſcarce have made this an ObjeRion, ſince they 
ſcruple not to make it a poft#/atwm, that all not very diſtant Per- 
pendiculars be looked upon as parallel, though they allow ſach 
Perpendiculars wou'd meet in the Centre of rhe Earth. What 
he addes partly in theſe words, Conetwus ergo puniForum 
omnium ponderantinm propagabitur ad ſuperficiem Mar- 
mari ſuperiorts antequam poſfit propagari ulterius (pma) ad terram, 
and partly in the following lines, ro prove that rhe whole endea- 
your ofthe Pyramid that.leans upon the upper Marble is termij- 
nired chere, and thar there is no endeavour of the Atmoſphere 
azainſt the under- ſuperficies of the lowermoſt Marble z "This 

Ratiocination ſeems grounded, partly upon a Conceir __ 
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about the nature of Gravity,according to which I ſee not why any 
Body plac'd between the fides of that Pyramid, or rather Cone, 
whereof the upper- ſuperficies of the higher Marble is the Bats, 
ſhould deſcend upon the account of gravityzand partly from a mi- 
ſtake of my Opinion : for I do no where,thac I know of, ſpeak as it 
I thought this ſuſtentation of che lower Marble were performed 
by lictle Globuls or other minute bodies protruding one another 
direaly towards the Centre of the Earth, and rebounding from a 
perfealy- ſmooth ſuperficies; nor need I (ay,thar the lower ſtone 
is ſuſtained by the preſſure of the ſelf-ſame pillar of the Atmo- 
ſphere that is incumbent on the upper, ſince other parts of the 
Atmoſphere, ſome on the one hand and ſome oo the other, 
prefling obliquely upon the uneven ſurface of the Earth, may 
have their preſſure upward terminated againſt the lower ſurface 
of the undermoſt Marble. And in the mentioned Hiſtory of 
Fluidity and Firmneſs, ſpeaking (p4g.187.) ot the adheſion of 
flat Glaſſes, (and the reaſon is the ſame in our flat Marbles) I 
plainly deduce ir from the preſſure of the fluid Air, which, like a 
liquor,diffuſing it ſelf upon the ſurface of the Terreſtrial Globe, 
becauſe ics deſcent is there reſiſted, does, like water and other 
l:quors, preſs almoſt equally every way, and ſtrongly endeavour 
to thruſt away any body againſt which ic can bear , (o thar 
whereever the prefſnre is taken off from one part of a body and 
not from the oppoſite, that body will be preſt toward that part, 
whether ic be downwards, or fidewards, or upwards, where thar 
formerly- equal reſiſtance is removed. And this Explication I 
do in thac Diſcourſe back with Conſiderations and Experiments, 
which Mr, Hobbs is not pleaſed to take any notice of ; wherefore 
I hold ir not amiſs to adde here two or three other Experiments 
to one of thoſe mentioned there. | 
Firſt then, an «/£olipile being by heac freed from Air as-much 
as you can, if the little hole at the extremity of the neck, by 
which the Air gets in and out, be preſently and carefully ſtopr: 
with Wax, and afterwares ſuffer'd to cool, there will nct be in 
the Cavity of the «/£olipile a reſiſtance any thing neir equal ro 
the 
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the preſſure of the outward Air, And therefore if you perfo- 

rate the Wax, that Air will violently be impell'd in at the un- 

ſtopt Orifice, whether the neck be held parallel or perpendicular 

ro the Horizon, orin any other ſituation in reſpeR of the Cen- 

tre of the Earth, And the like will happen it the -£olipile be un- 

ſtopr under water, 

Next, Irelate in the mentioned Hiſtory, that having drawn 
ſome of the Air out of a large Glaſs with a narrow mouth, and 
thereby deſtroyed the equality of force betwixt the weight of 
the outward Air, and the now weakned ſpring of the inward ; I 
found that by immediately applying a flat body to the Orifice of 
the Veſſel, that body was readily lifted up and ſuſtain'd in the 
Air as long as I pleas'd, though the weight of it exceeded 20. 
Ounces. 

Thirdly, I lately met with the relation of an Experiment, 
which does abundantly make out the power of the ambient At- 
moſphere to preſs bodies againſt each other, when it cannot ger 
between their internal ſurfaces, For the ingenious Author of 
the Magdeburgick Experiment writes to the induſtrious Schottas, 
thar having cauſed two Copper Plates co be made almoſt in the 
form of Scales alittle above half an Ell in Diameter, and exactly 
congruous if laid upon one another z Has (ſayes our Jeſuite) 

mutuo ſibi imponit, & airem extrahit, adeo ab externi 
Scout, Mlb arrgs gravitate compreſſe atq;, unite tenentur, ut ſex 
= "6." wirtrobuſticas divellere non poſſint. Quod ſitandem 

adhibito omni conatu divellantsr, crepitum edunt (cle* 
peti aut Muſquete exploſioni now minorems; quamprimum vero per 
claviculum ſeu Epitomium aperium vel minimus aditus laxatur at- 
ri, ſponte ſeparantur. 

And, Fourthly, if a Glaſs- Vial (ſuch-as will be anon more ful - 
ly deſcrib'd) have a Pipe open at both ends ſo fitted into ir, that 
no Air can get in or out betwixt the neck and irs and if the Vial 
be ſo far filled with water, that che lower end of the Pipe be well 
immerſed therein; if then you ſuck at the upper end of the Pipe, 
the water Fill aſcend co 2 good height : which argues its being 


forc'd 


forc'd upwards by the oblique preſſure of the Air in the Vial ; for 


'tis onely in the Pipe and not inthe Yial that there is any Air in 
the ſ2me Perpendicular wich the Water that is impeli'd up. 

But let us follow Mr, Hobbs alittle further. Hiving ask'd 
this Queſtion, Sed ws 1/{aelaſtica quam in aire eſſe dicant, nihilxe 
4d marmor ſuſtinendum conferre poteſt ? he anlwers, 
Nihil omntno ; non enim conatus in aire eft ullus ad 
centrum terre mazis quam ad aliud quoduis punitum Univerſi. 
Duoniam enim gravis omnia tendunt 4 circumferentia Atmoſphere 
ad centrum ter: &, & inde rurſus ad cir cumferentiam Atmoſphere per 
ea(dem lineas refl: xas, conatus ſurſum conatui deorſum equals erit, 
& proinde mutug ſe perimentes neutr4 conabuntur wid, Bat 
that the Spring of theAir may perform ſomewhar in the caſe pro- 
poſed, I hope the newly- mention'd Experiments have evinc'd. 
And the reaſon he annexes to his Negative, as alſo the difficulc 
Example he ſubjoyns, of a man lying in the bottom of the Sea, 
ſeem rather oppos d tothe Weight then the Spring of the Air, 
But we have already both by Experiments and by his own Con- 
ceſſions ſufficiently prov'd that the Air is not devoid of gravity z 
and that it likewiſe gravitates upon the terraqueous Globe, which 
in this page he ſeems to deny, we have proved by divers reaſons, 
and particularly in our 25. Experiment by the vaſt expanſion ot 
Air under Water, when the preſſure of the incumbent Air was 
taken off from the Water, 

As for the Scheme he annexes, I confeſs I. do not well ſes 
what he drives atinit; atleaſt if ic be jiatended for a Confuta- 
tion of the Conj<Qure I have been defending: nor am I the 
onely perſon that complain of his writing often enough- obſcure- 
ly. Andas faras we can judge by the Concluſion couch'd in 
theſe words, Nom poteſs ergo pars, &c. (whick in the Explication 
of the Scheme he calls, Pars Atmoſphere intra tutam poſua ubi- 
cunq;) (propter magnitudinem) quantumVvs gravs ſit deſcendere, 
neq; ergo premere ſive gravitare ;, his Notions about Gravity are 
ſomewhar ſtrange, and probably either do not concern us, or wi. 
be found repugaant to thoſe Experiments on which our Conje- 
Qure is grounded, And 
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e adds, 8 pefibile ofſe negerem, ut d- 


And as for what h 
ligentis & arte humans due ſuperfictes corporum duorum 
inter ſe per omnia punits ita accurate congrue fiant, ut ne minimo 
quidem corpuſculo creabili tranſitus permittatar, non video quomodo 
ili aut ſuam Hypotheſom tueri, aut negationem noftram improbitatss 
arguere jure  _- : I confeſs I do not ſee how this Argumenta- 
tion proves any thing againſt che Intereſt, either of the Weight, 
or ſo much as of the Spring of the Air in the cohefion of our 
Marbles. For, provided that the Corpuſcles of the Air get not 
in between the two ſtones, the preſſure of che Air may well ſut- 
fice to keep them together. Aad, laſtly, as for that modeſt paſ- 
ſage ( that immediately precedes the words newly recired ) 
wherein he ſayes, Utraq; illa phantafia, tum gravitats 
Atmoſphara tam vis Elaſtice five Amiitapie airis, (om- 
ninm erat, Siquidem autem ills concederetar eſſe aliquam in filiculss 
airts Antitupiam,queretq; aliquis, unde ills curvats quidem ſed qui- 
eſcentia moverentur rar(u ad rettitudinem, dcberent illd, fi Phyſici 
baberi volunt, canſam ejws aliquam poſiibilem aſſignare : We have 
already given an account why we forbore to afſign a cauſe of the 
motion of Reſtitution ; but methinks Mr. Hobbs might have, for 
the ſpeaking ſo, choſen a fitrer place then this, where he gives 
me ſo fair an opportunity to tell him again, that he ſhould, if he - 
would be chought a Naturaliſt, have affigned ſome cauſe of the 
Phenomenon about which he had all this while been diſputing : 
which ſince even he himſelf has declin'd to do, perhaps the Phe- 
nomenen will be thought Comewhat difficale, and my atrempe ac 
diſcovering the cauſe of ic will be at leaſt excuſed. 

Bur after baving ſolong dwelr upon the confideration of our 
Marbles, it is bigh time co proceed co what remains. 

Ia the 24. page Mr. Hobbs has that paſſage I formerly recited 
couching the Glaſs- Founcains, our of which water is thrown up 
by compreſs'd Air. Bur chough 1 as well as others have made 
ule of ſuch Fountains, invented by Yincenzo Yincentt of Urbip, 
and was unſacisfied with the account he gives of their Pheanome- 
na; yer in regard ſome learned men, and particularly Dr, arg, 


have 


Page 22, 
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have already -examined his Explication, and Iam not obliged 
to do ſo; 1 ſhall onely rake notice of what our Author objects 
to prove that this Phenomenon cannot be ſoly'd by the Spring of 
the Air, ia theſe words : 

B. Cur non poteſt aqua, que cum injiceretar particulas 
airis comprimebat, ab tiſdem particulis ſe explicantibus 
rur(us rejics ? . 

A. Nuialocum explicate majorem non requirunt quam compreſſe. 
Qurmadmodum in vaſe aquaipleno, in qua (ſet multitudo anguilla- 
rum, anguillas five in ſe volutas frve explicatas idem ſemper capit lo« 
cum, Propellere ergo aquam per vim Blaſticam, que alia nox eſt 
quam motus corporuws ſe explicantium, non poſſunt. 

B. Comparatio illa airs cum aqua anzuillus plena, noſtris, credo, 
non aiſplicebit, 

But the Elateriſts will anſwer, that neither can his earchly 
Atoms, to whom he aſcribes the RejeRicn of the water forc'd 
in, truly fill up more parts of ſpace at one time then at another ; 
and therefore the ObjeRion might have been (pared : but indeed 
it reaches us not, For we, as Mr. Hobbs knows well, are not 
wont tocomparethe Air to Eeles, but to Wooll: and chough 
each hair that makes up a compre(s'd lock of wooll, do not really 
fill more ſpace with wooll when extended then when crumpl'd 
yet when there is a congeries of theſe hairs comprels'd together, 
the whole fleece or congeries does by irs ſpring endeavour to 
thruſt away thoſe contiguous bodies by which it is penn'd up, as 

| Ihave mere fully explain'd in my Epiſtle z ſo that theſe Aerial 
QCorpulcles, being pent up by the water forc'd into the Glaſs, 
ſtill endeavour to expand themſelves by throwing it out, 

What our Author addes in the ſame page, as it they were miſ- 
taken that think the Experiments of the Pleniſts tended (eſpe- 
cially till of late) to prove that the generality of them did nor 
alwayes mean by a Yacuum aTpace perfectly devoid of all corpo- 
real ſubſtance, bur any ſpace here below that is not fall'd with a 
v ſible body,or at leaſt withAir,(tor theſe are my words to which 


I ſuppoſe Mr. Hobbs alludes) To this, I ſay, icis ſcarce worth 
k while 
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while to make anſwer, the Controverſie being of ſuch ſmall mo- "0 


ment, (though I think I could eafily enough do it) eſpecially 
ſince he rather excuſes thoſe that may have negligently expreſt 
themſelyes, then diſproves what I ſaid. And fince I ſpoke 
chiefly and by name of the Peripetctick Schools, he may well al- 
low that their Exprefſfions concerning chis macter were not al- 
wayes ſo accurate, whileſt in this very paſſage he conclades with 
theſe words, Vides quam inep1ta fit ad explicationem effe- 
Guum talium advocare verba Metaphorisa, ut fa74 vacei, 
horror(m nature, &c. quibus olim ad exiftimationem [nam taendam 
uſa ſant Schole, Not is what he adds concerning the Vacuum to 
be attributed to Democritys and Epieurss either clear enough, or 
of concernment enough to our Diſpute, to be inſiſted on by us , 
eſpecially ſiace I ſee not to what purpoſe he brings it in, 

Bur there are in this p:ſſage two particulars, which, though 
they make little or noth ng againſt what I ſaid of che Pleniſts, 
may deſerve to be taken notice of. 

The ſecond (for I think ic expedient to diſpatch that firſt) is 
couch'd in theſe words, 1» Hydrits perforatis ides heres 
aqua, quia que per tantillum foram'n exiturit, adeo exi- 
eu eſt, ut non poſit ita in longitudinem ſe diffundere, ut deſcendends 
aditum 4cr1 faciat per foraminam circumperentias;neq; ait ab excun- 
te aqua pulſus locum alium (in mundo pleno) habere poteft preater- 
quam quem aqua deſeret. | 

Bac this Experiment I have already examined as 'tis propos'd 
in bis Elements of Philotophy and cherefore [ ſhall now onely 
ſay to the light variation I find of it here, chat che reaſon here a(- 
fien'd why the water in Gardeners pors clos'd at the top does 
nor deſcend, is not rightly aſſign'd, fince (to omit other ObjeRi- 
ons) by Montfieor Paſchall's Experiment ir appears, that though 
in Pipes of no great length the water will not raa out, yet it che 
Pipe be long enough, though the Orifice be no wider, the water 
will deſcend without giving paſſage co the Air at the circumfe- 
rence of it. | 

But the other particular bere mentioned by Mr, 4obbs, who 
thus 


Page 25. 


Page 25. 
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thus propoſes it , Qu} per fiſinlqm ore aquam ſugit, , no 
atrem medium prius [weit, quo diſflentum atrem externum 
removet ; qui remotns locums (in pleno) babere niſi proximum remo- 
vendo no poteſt, & ſic continua pulſione aqua tandem pellitar in 
fiſtulam, ſucceditq, aert qui exugitar ; deſerves a more particular 
conſideration. For this account of the aſcenſion of Liquors by 
ſuction is not onely here given by Mr. Hobbs, but for the main by 
the learned Gafſendus himſelf,and other Aromiſts, and is general- 
ly acquieſc'd in by the modern Philoſophers, perhaps the rather, 
becauſe it ſeems not toeſtabliſh or overthrow a Yacuuwm. Burt 
though I ſhall not deny but that many Phenomens of Nature 
may be probably explicared by this Propagation and return of 
Motion ; yet there are ſome Phenomena here below, which I ſee 

'not how the Carteſtans, or the Aromiſts, or Mr, Hobbs can expli- 
cate without admutting the Spring of che Air, and which perhaps 
by the Spring of the Air may be explicated without the recurring 
ro ſuch a propagation and return of impulſe. Divers inſtances 
to this purpoſe I elſewhere conſider, bur at preſent I (hall pro- 
poſe onely one Experiment purpoſely devis'd to ſhew that both 
Vacuiſts and Pleniſts ſhould admir an Elaftical power in the Air.I 
cook then a Glaſs- veſſel conſiſting of two parts ; the one was a 
Vial capable of containing about a pound of water, and the 
other a Pipe open ar both ends, the lower of which reach'd with- 
intwo Inches of the botcom of the Vial: chis Pipe was by the 
Glaſs- man faſtned into the neck of che Vial, not by any Ce- 
ment, leſt it ſhould be pretended that the Air might undiſcerned- 
ly getin or out, bur with melted Glaſs of a good thickneſs: into 
this Veſſel by the open Pipe I at length (for it is ſomewhat difh- 
cult) pour'd water enough to ſwim a prety way above the lower 

extreme of the pipe, and chen often inclin'd the VAſel, togive a 
free intercourſe betwixt the Air within the Vial and that witch- 
our it, that if the internal Air were compreſt by the affufion of 
the water it might free it ſelf, as it readily did by aſcending in 

bubbles along the inclined Pipe, till the outward and inward Air 
were reduc'd to an equality of preſii _ Now if all SuQtion were 

3 pro- 
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produc'd by the preſſure of the Air, thruſt away by the dilated 
Cheſt of him that ſucks, and ſo thruſting the water or other li- 
quor into the Pipe at which -he ſucks, it ſeems evident, in our 
cafe, that the water would not aſcend by fuſion : ſince by the 
contrivance of the Veſſel, the Air thruſt away by him that ſucks 
cannot at all come to bear or preſs upon the water. And yer, 
whether the Pipe were inclin'd or erected, the water did accor- 
ding to my expeRation eaſily enough aſcend, upon ſufRtion,to the 
rop of the Pipe, and ran over into my mouth, I ſay, eaſily 
enough, becauſe that chough che Spring of the Air pent up in the 
Vial were able, upon the decreale of che preſſure of the outward 
Air, occafion'd by:my ſucking, to impell the water ſtrongly 
enough into the Pipe ; yet, when a pretty quantity of water had 
been (o impell'd up, the included Air gaining thereby more , 
room toexpand it ſelf, its Spring was thereby fo far weakned, 
that the water aſcended tar leſs eaſily then in ordinary ſuctions, 
The other circumſtances worth noting in this Experiment be- 
long nor co this place z and what has been delivered may, I 
hope, ſuffice for che purpoſe 'cis alledg'd for. Onely one parti- 
cular I ſhall here adde, by way of confirmition of what I ſaid 
rouching the weaken'd Spring of the Air, and ir is this z That 
partly to ſhew ſome, who yet embrace the Opinion of the 
Schools, that the aſcenſion of the water in the Pipe did not pro- 
ceed trom any ſuch tendency in the water it ſelf co aſcend for 
prevention of a Yacwum, and partly for other reaſons that con- 
cern noe this place, I did carefully cake out the water by degrees, 
till the lower end of the Pipe was bur very little under the ſurface 
of the water, though inthe cavity ot che Pipe che water, as ic 
uſu3lly will be in Pipes that are not wide, was a pretty deal high- 
er: then ſuMring the Veſſel coreſt, and ſucking ar che upper 
£nd of the Pipe, the water (as I foreſaw ic would be) wasim- 
pell'd up, yer without reaching near the top, till the ſurface of ir 
was fallen a litcle below the bottom of the Pipe. - But then, 
though I continu'd ſucking, mo more water aſcended into the 
P.pe, but the Air paſſing through it cowards my month, did in 
IS 
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its paſſage toſs up the water that was already inthe Pipe, and 
eurn it into bubbles, (of a ſtrange bigneſs when the cavity of the 
Pipe would permit it) which broke (nor without noiſe) one afrer 
another : and thus the aſcending Air tor apretty while kept the 
waterin the Pipe from falling back to that in the Vial. Bur 
when | remov'd my mouth, the Spring of the Air remaining in 
the Cavity of the Vial, being debilitated by the receſs of the 
Air I had (as men are wont to-ſpeak) ſuck'd our, it was not able 
to refiſt the preſſure of the outward Air, and accordingly che wa- 
ter in the Pipe was not onely depreſs'd into the Vial, but the 
outward Air forc'd its way in many bubbles, and not without 
ſome noiſe, through the water contiguous to the bottom of the 
Pipe, till che preſſure of the included Air and that of the Armo- 
ſphere were reduc'd to an equality. | 

But in the ſame 25. page our Author tells us, that the Sociery 
he writes againſt would have the caule of Filtration, and that of 
the paſſage' of water through Siphons, to be the ſame. To 
which he annexes this peremptory paſſage, 14 vero impoſitbile eſt. 

Nam in Siphone niſi ambo crura aqua impleantur, aqua & pelti 
non aſcendet. Aſcenſions cauſa in pannum eſt motus ille terrearum 

atomorum que aque contigue ſunt, motus (inquam) cireularss ſim- 

plex, a*ri in quo moventur communicatus , que atomi aquam ferien- 
tes in materiam lantam incutiunt, incuſſe autem magis magi/q; ma» 
defaciunt, donec madida tota fit. Cum vero madida tota fit, &&c: 

Thus tar he ; but the paſſage in my Epiſtle, upon which he ſeems 

to have grounded his Oppoſition, is but chis (wherewith I begin 

my 35, Experiment) Some learned Mathematicians ( 1 meant the 
induſtrious Schottus and Jome Carteſtans) have of late ingeniouſly 
endeavoured to reduce Filtres to Siphons z but ſtill the irue cauſe of the 
aſcenſion of water and other liquors both in Siphons and iy Filtrati- 
0n needing (for ought we have yet found) a clearer diſcovery and ex- 
plication, we were defirons totry 3c, So that neither did I aſcribe 
this reduction (of Filtres to Siphons) to a Society which was not 
then in being, nor perhaps ſo much as defign'd z nor did I adopt 


it my (elf; bur expreſs'd a deſire to-haveit further examin'd. 
Buc 


(7d) | 
Bart as for the cauſe of Filtration it ſelf,I may take a ficter oppor- 
tunity to diſcourſe of ic; in the mean time I doubt whether the 
reaſon here aſſign'd by Mr. Hebbs will not ſeem as well precari- 
ous, as the motws circulars fimplex of earthly Acoms, whereon ir 
is grounded. Nor does his Explication render a reaſon why 
Quickſilver will not aſcend the 14. part as bigh in the Filtre, 
though in part immers'd into it, as water z nay, will not reach ſo 
high where 'tis contiguous to the Filtre, as where 'tis not: nor 
why it thould begin to aſcend, fince, for ought he ſhews to the 
contrary, the preſſure of the Air, evenin the ſenſe he takes the 
Air, ought to be the ſame on that part of the Surface of the Li- 
quor which is contiguous to the Filtre, and on any other part of 
the ſame Surface, To which I ſhall onely adde, that as reſolutely 
as Mr. Hobbs (ayes 'tisimpoſfible for the water to aſcend out of 
the Veſſel into a Siphon, unleſs both the legs be fill'd with char 
Liquor, he would probably have ſpoken more warily, and diſtin- 
guiſh'd betwixt Siphons, it he had been pleaſed to take notice of 
what Irelate in the tore-mentioned 35, Experiment, of a (mall 
Glaſs-Siphon I devis'd, whereof when the ſhorter leg was bur 
dipp'd in water, the liquor did preſently as ic were cf it ſelf run 
down the longer leg. Which Experiment, beſides other confi- 
derations, may induce us to ſuſpect that the nature of Siphons 
and of Filtration may nor yet be (o throughly underſtood, as not 
to Ceſerve a turcher enquiry, 

But ro draw at length rowards a Concluſion of our trouble- 
ſome Examen it remains only that I cake ſome notice of the ge- 
neral Corollary that Mr. Hobbs is pleaſed to deduce from his 
whole Diſcourſe, of the Experiments exhibiced in our Engine. 
- A. Faterss ergo ((ayes he) nihil hattenws & Coltegs tus 

age 23. q | , : 
promotam eſſe ſcientiam cauſarum naturalium, niſi quod 
wnus eorum machinam invenerit qua motus. excitari aeris poſoit tals, 
ut partes ſphere ſimul undiquaq; tendant ad centrum, & mt Hypothe- 
ſes Hobbianz, ante quidem ſats probabiles, hinc reddantur probabi- 
liores. F: 

F. Nee fateri pud:t ; nam, Eſt aliquid prodire tenus, fi non datar 

ultra, A. nid 


LIMI 
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A. Quidtenus ? Quorſum autem tantius apparatus & ſumptus 
machinarum faits difficilium, ut eatenus tantum prodiretis quantum 
ante prodierat Hobbius ? car non inde potius incepiftis ubi ille de- 
ſoit ? car principits ab eo poſitis non eſtts uſi? Cumg, Ariſtoteles 
refte di xif[et, Ignorato motu 1gnorart naturam, quomods tantam in 
V0 ſuſcipere PET auſi eſtis, ec. 

As to what he ſayes to the diſparagement of the Aſſembly, 
and in his own praiſe, the laws I p.eſcribed my (ett at the begin- 
ning of this Diſcourſe forbid me to reply ro what is more likely, 
amongſt civil and judicious Readers, to prejudice his own repu- 
cation then theirs he is ſo diſpleaſed with. And as for chat which 
he aſſigns to be the uſe of our Engine, I ſhall very willingly leave 
ic tothe ingenious to judge what aſe may be made of it, But as 
for this mentioned by Mr, Hobbs, if he means here, as he elſe- 
where reacties (p4g.13.& 19.) that the Motion be ſpeaks of is 
procuc'd by that of the Air impell d in berwixt the fides of the 
Sucker and the Cylinder z perhaps ic will be chought I have ſuffi 
ciently proved, that 'tis not «#y of its uſes, ſo far is it from being 
its chief or onely ule. But I conteſs I ſomewhat wonder Mr, Hobbs 
ſhould quarrel with me, (tor 'tis I rhat in my Ep.ſtle employ the 
follow.ng Verſe) for ſaying, 

' Ef aliquid prodire tenns, fr non datur ultra, 


And this nor, as ſome would perhaps ſuſpeR, becauſe I do not 


imitate him,in ſpeaking of my ſelf, as he does of himſelf, bur be- 
cauſe he thinks the exprefſion roo arrogant. For fince he here 
confeſſes that his Hypotheſes are by this Engine rendered more 
probable, ſome will perchance think that to be enough roentitle 
my Experiments to ſome degree of uſefulneſs, unleſs Mr. Hebbs's 
Dorine of the Air had found more embracers then before theſe 
(eaſonable, rhough deſpiſed, Experiments it was obſerved to 
have. Bur, fince either of us may be partial in his own caſe, I 
am very well content to leave orhers co judge both whether my 
Expreſſion have been guilty of Arrogance, and how much he has 
done more then proaire ren» inall the paſt long Diſcourſe againſt 

me, 
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me, when they have conſidered what new Experiment or mat- 
ter of fat Mr. Hobbs has therein added to enrich the Hiſtory of 
Nature, what new Truths he has diſcovered, or what Errors (ex- 
cept one of his own inthe laſt page) be has well contuted. Theſe 
things, I ſay, I am very well content to leave to be judged of by 
all diſ-interefſed perſons, without being either much diſcoura- 
ged by the differing ſtrain wherein Mr, Hobbs thinks fir co (peak 
of his own performances & mine,or invited to imitate him in chat 
way of writing, my Endeavours (ſuch as they are) having ticherto 
been tayored with ſuch a Reception among the Yirtueſs,chat poſſ- 
bly I may have almoſt as little need as reaſon to commend them, 
But 'tis ſomwhat a troubleſom work to argue long with a man 
thar's angry with anExpreſſion, which perhaps none but he would 
have found fault with tor want of modeſty; & therefore 3s I have 
left un-recited ſeveral provoking and very -undelſerved Expreſh- 
ons he emploies in the ſame page,and even that paſſage, where to 
prove that our Naturaliſts and Mathematicians profeſſed they 
would not receive Truth coming from him, he alledges onely a 
ſaying (whether true or no I examinenot) of Dr, Owen, who, 
beſides that his proteſſion was Divinity, not Philoſophy or Ma- 
thematicks, neither is nor ever was of our Society : as, I ſay, I 
have (for the reaſon newly intimated) declin'd taking notice of 
matters of this nature ; {o I will not now ſtay to enquire why he 
urges us, whom he would have men cake for Yacuiſts, with the 
Authority of Ari#otle, whom on other occaſtons he is wont to 
uſe with as little reſpect as if he were a Member of our Society. 
Nor ſhall I now examine, why here and elſewhere he ſends us to 
his own Writings for the DoCtrine of Motion, as if, co omic an- 
cienter Authors, ſuch great Perſoniges as Galzles, Merſennus, 
Verulam, Des-Cartes, Gaſſendus, Balianus, Foanntes. Marcus Marci, 
Honoratus Fabris, (not to mention other Mgderns, nor thoſe 
of our own Aſſembly, as the eminently learned Sir Kenelme Dig- 
by,:nd the others, whom their Modeſty forbids me here to name) 
t2d- not moſt of them learnegly , and ſome of them 6opir 
outly,wiirten of Local Motion before Mr, Hobbs s Books, where 


he 
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he treats of ir, came abroad into the World. This, I ſay, I ſhall 
not inſiſt on, becauſe I would haſten ro a Concluſion, Onely one 
ching I muſt adde, that whereas he accuſes us of deviſing elabo- 
rate and iumptuous Engines, I do not fear to find ſo many Rea- 
ders of his mind, that Ineed make chem Excuſes for what per- 
haps will obtain their Thanks. And whatever Mr. Hobbs may 
chink,for my part I freely conteſs, that I love Truth ſo well,thac 
I do not think, nor onely my Pains and Charges, but even whar 
I rate much higher, my Time it ſelf, coo much for the d:ſcovery 
of Truth ; or (that Mr. Hobbs may not think me partial) even tor 
the eſtabliſhment of ſuch Truths as, though diſcover'd by ſome, 
are 3s yet tar more generally oppoſed then embraced, 

There remain yet ſome other pages of Mr. Hebbs's Dialogue, 
wherein he ſpeaks ot Fire, and Cold, and Ice, and Light, and 
Colours, and Fluidity, and Hardneſs, and Echicks, and Politicks, 
and the Duplication of the Cube, and the Quadrature of the 
Circle, and ſeveral other Saubjets. Bur thele I forbear to 
meddle with, not chat I approve them all, or the greateſt part ; 
bur partly, becauſe I .m too much tired already ro be fond of eg- 
o29ing in Controverſies that I am not tyed co meddle with, 
(except what concerns Fluidity and Firmaneſs , which I ſhall, 
God willing, examine by it (elt z)) partly, becauſe divers paſſages 
relate ro Perſons,not Things. z partly, becauſe I do not much fear 
that Mr, Hobbs will find every Reader (o eafie and complaiſant 
as he makes his Academiay, who in many paſſages of the Dia- 
logue ſpeaks not unſutably to what he does in the laſt page of ir, 
where he excepts bur one particular (and that is neither the D#- 
plication of the Cube, nor the Squaring of the Circle) when he tells 
Mr. Hobbs, Diſcedo jam multo (ut mihi videor) quam ante certior, 
& que d1xiſti omnia teneo & probo : and partly, becauſe Mr. Hobbs 
has ſome things, as about Fire, and certazy. Colours, which 1 
3m not forward to rejeR, though the Conſiderations that in- 
cline me to ſome ſuch Opinions be perhaps very d.ffering from 
the Grounds on which he propoſes chem. Aad indeed as well 
my-Nature as my Cuſtom torbids me to {cruple co learn, if 1 

can, 
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can, of Perſons much leſs famous chen Mr, Hobbs. 'Tis far from 
my bumonr to write againſt all char every man ſayes, chart (how 
cauſl-{ly ſoever) writes againſt me z and I am almoſt as much in- 
diſpoſed to rejet# as to embrace, without diſtinRion,whatevey it be 

that this or that man teaches, 


CHAP. VII. 


(Beinz an APPENDIX to thepaſt Diſcourſe) 
Wherein is examin'd what My. Hobbs teaches concerning 
Fluidity and Firmneſs. 


A Erbough Mr. Hobbs do not name me for the Maintainer of 
. A the Opinions which I have propoſed in the Hiſtory of Flui- 
dity and Firmneſs, and which he cenſures : yet fince chat Hiſto- 

ry, after having been mentioned in the Book I have hitherco- 
been defending, was publiſhed a good while before Mr. Hobbs's 

Dialogue ; and fince ſome of the chief particulars he cenſures or 

rakes notice of, are delivered there, and fome of them perchance 

no where elſe; I think it may concern me to examine what he 

ſayes either againſt my Opinions, or in favour of his own, toach- 

ing Fluidity and Firmneſs. Andit it be (aid that he meant nor 

his ObjeRions peculiarly againſt me, but rather againſt ſome 0- 

ther perſon, who-may have liked ſuch Opinions: I ſhall anſwer, 
Thac I am content to leave to others the defence of their parti= 

cular Opinions, and to have as much of the following Diſcourſe 
as is. concerned tn this Allegation, looked upon as written onely 
upon this ſuppoſition, that my writings are thofe he deſigns ro- 
oppoſe. But there being other chings in what he diſcourſes. 
about Flnidity and Firmneſs, which for the reaſons freſhly inti- 
mated I think fit here to confider, Ichule to gather up together 
the paſſages ronching theſe ſubjeRs which I trad ſcatrered in his 
Dialogue, that I may have the berter opportunity to clear up the 
matter it (elt under Cebate, | 


> 
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Bur, before I go further, 1 muſt at the yery entrance of chis 
Diſcourſe take notice;that in the fifth page, where Mr. Hobbs be- 
gins to diſpure againſt our Notion of Fluidiry, he very much 
miſtakes my Opinion, as may appear by theſe words, which he 
purs into the mouth of his Academian, Sed pleriq; no- 
ftrum naturam fluidam 4 non fiuida diftinguimus magnitu- 
dine partinm ex quibus corpus aliquod conſtat, & quaſi compingitur : 
Itaq; now modo atrem, aquam & liquorem omnem, ſed ttiam cinerem 
& palverem, tanquan fiuida contemplamur, Et fluida ex non flul- 
dis compeſita eſe poſſe now negamus ,, nam diviſibiltatem illam infi- 
nitam non concoguimws, To which he anſwers, Diwviſio quidems 
infinita concipi non poteſt, diviſibilitas antem facile, Ego contra, diſ- 
tintFionem non capio inter fluids & non fiuida quam ſumitis 4 mag- 
witudine parttum ; nam fi caperem, rum illa frve rudera tila que 
jacemt in Ecclefia Panlina mihi dicenda ſent flutda : fin propter ni- 
miam lapidum magnitudinem fluids illa eſſe negaveritis, defini miks 
magnitudinem illam quam habens pars ruents mnri, propter eams fit 
dicenda fluids, Tu were qui diviſibilitatem infinitam non caps, 
dic mil que tibi apparet cauſa, quare Deo omnipotenti difficilius eſſe 
putem creare corpus fluidum, & cujus partes actu arffluant, omni da- 
ta alomo minus, quam creare Octanum. ltaq; deſperare me fact 
omnem conventus veftri fruitum, dicends quod putant 4irem, 4- 
quam, & I conftare ex non fluids tanquam fi murnm, cu- 
jus ruentes lapides al:qnouſq; diſcurrunt, dicerent eſſe fluidum, $i 
fic loquendum eſt, nihil non eft fluidum ; nam liam marmor commi- 
nai poteſt in partes omni atoms Epicureans minores. Thus he. 
But in my Hiſtory, though I make the ſmalneſs of the parts 

whereot a body conſiſts one of the requiſices to irs being fluid; 
" yet atthe end of the 13, Sefton I call che yarious agirarion of 
thoſe Particles the principal qualification of all, and in the begin- 
ning of the 14. SeRtion I call it che chiet condition of a fluid bo- 
dy. And therefore he mach miſtakes, if he thinks 
that we alwayes confider Aſhes and Duſt as fluids ab- * #%% « 
ſolately ſpeaking. But as-he * ſomewhere cells us, "7 
thar by Fire he underſtands the combuſtible matter it (elf, nor 
l 2 ſimply 
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fi mply and alwayes, but then onely when, 8c. So neither do1 
look upon the Daſt of Alabaſter, (ro my words abont which, I 
ſuppoſe, he has a reſpec in the paſſage under conſideration) as a 
Aldid body ſimply and alwayes for I clearly teach the contrary, 
bur onely when and whileſt its parts are no: alone reduced to a 
competent ſmalneſs, bue are alſo actually put into ſuch a various 
a91tation as makes the body they compole (even according to 
Mr. Hobbss own Definition, which is, That Fluid 
Mr. Hobbs d! bodies are theſe whoſe parts may by very weak endeavour 
oy one.a!” br: ſeparated from one another) emulate a fluid body 
| by che very eafie Ceſſion ofits component Cor- 
puſcles,ond by its boyling like a liquor. By this the Reader may 
diſcern how little that makes againſt me which Mr, Hobbs talks, 
and ſeems to do it ſeriouſly,of the Ruines of Pauls, aSit according 
to my Opinion, Ruipa illa ſive rudera que Jacent in Eccleſia Paulina 
dicenaa efſent fluids, For 'tis - moſt evident tharlI require in the 
parts of a fluid body both minuteneſs and ſuch a motion along 
each other as makes them eaſily yield co the couch: which qua- 
lifications how well they belong to the ruines of Pauls,is,I chink, 
not very 6:fficalt to determine z though in the ſame paſſage Mr, 
Hobbs do again make uſe of the like example, to which he ſub- 
joyns, St ſic loqurndum et, nihil non eſt fluigum ;, which how little 
it tollows from my Doftrine about Fluidicy there needs not a 
quick-ſighted Reader to diſcern, As tor the Reaſon he annexes 
in theſe words, Nam rtiam marmor comminui poteſt in partes omni 
atomo Epicureana minores;, I would gladly know by what art Mr, 
Hobbs can divide Marble into lefſer Particles then ſuch as are na- 
rurally indiviſible, (for ſuch Eprcurme makes his Atoms to be:) 
nor do I ſee how, in caſe this could be done, ic proves, that there 
is not any thing char is not fluid. , For I ſay that che blocks. of 
Marble before Comminution are not fluid, either according to 
bim or according to me nay, the greateſt Comminution ima- 
ginable would nor, according to my DoQtrine, make a lump of 
Marble fluid, unleſs the heap compoſed of the parts, how. minute 
ſoever, were aRually and variouſly ſer a moving amongſt them- 
| | ſelves, 
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ſelyes. But he would perhaps have ſpoken more warily, if he had 
confidered the difference there is berwixc ſaying thart all things 
are flaid, and ſaying, asI do, that there are many bodies that 
are now ſolid, which by Comminution, Motion, and other re- 
quiſire alterations, may be made parts of a fluid body : As hard 
Ice may be turned into fluid Water, and Quick(ilver precipitated 
per ſe into a red Powder, may be reduced to running Mercury, 
As for what he (ayes of an infinite diviſibilicy of body,ic is ſcarce 
in this place worth while ro examine it, 

For I have (hewn in the Hiſtory of Firmneſs, that this Diviſ- 
bility (which I had then con(idered) does no way overthrow my 
Doctrine ot Fluicityz nor does Mr, Hobbs here anſwer what I 
there diſcourſe. Beſides thar indeed I do not fo well under- 
ſtand what he here means and drives at, when he ſayes that Divi» 
ſto quidem infinita concipi non poteſt, Diviſibilitas autem facile. For 
fince in this very paſſage and within a very few lines he has re- 
courſe in this matter tro God's Omnipotence, I ſee not why an 
infinite diviſion cannot be as well conceived as an infinice Civiſt- 
bility, ſince ſure an Omnipotent Agent is able to do whart is poſ- 
fible to be done: and why elſe ſhould a body be called infinicely 
diviſible « Beſides, when Mr. Hobbs has recourle to what God 
can do, (whoſe Omniportence we have both great reaſon to ac- 
knowledge) it imports not to the Controverlie about Fluidity 

to determine what the Almighty Creator ca» do, but what he 

actually has done, And, laſtly, whereas my Adverſary requires 
to have the magnitude defined which a part of a falling Wall 
ought ro have todeſerve the name of fluid ; firſt, he ſhould have 
clearly proved that Fluidity belongs to any one ſingle part of 
matter how-minute ſoever, and: not rather to 2n aggregate of 

Particles. And next, I ſay thoſe Corpuſcles that compole a 

fluid body may be of ſeveral fizes, as thoſe of Water, Oyle, and 

Quickfilyer, provided they be little enough to be put into the 

agitation requiſite to give the aggregate they make up the qua- 

licies that are wont to denominate bodies fluid : and 'tis no more 


requiſite for me to define preciſely the magnitudes of the parts- 
of; 
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of a fluid body, then for Mr. Hobbs in his Definition above-reci- 
red to define (which he will nor eaſily do) what preciſe degree 
of endeavour muſt be ſignified by that very week endeavour, by 
which if the parts of a body can be feparated from one another, 
he thinks fit to call chem fluid. But though I thought ir nor 
3miſs ro make theſe Animadverſions upon Mr. Hebbs's Ratiocina- 
tion, yet as to the Opinion it ſelf, for whoſe ſake he ſpeaks ſo (e- 
verely and ſo deſpairingly of our Society, if it be confidered as I 
propos'd it, he ſhews me as yet no cauſe at all to renounce it. 
For that which I caught is chis, Thar if a ſolid body be reduc'd 
into parts minute enough, thoſe ſolid Corpuſcles, whileſt they 
are pur into a convenient motion, ny become parts of a fluid 
body. And againſt this Mr. Hobbs's Indignation ſeems ſtronger 
then his Argument: For that which be objects being, as we have 
Licely ſeen, that ar this race all bodies muſt be fluid , "tis evi- 
dent by what I have already argued, thar be infers this Abſurdi- 
ry not from my Opinion, but bis own miſtake of it: nor did [ 
content my ſelf with che proofleſs propoſal of my ConjeRure, 
but I delivered in ſeveral parts of the often- mention'd Hiſtory 
parricular Experiments to evince what 1 taught : As that a con- 
tiſtenc coogwlum of pure ſpitirs of Urine and W ine may by bare 
digeſtion be turned into a permanent I:quorz and that the fluid 
body of Quickfilver may w.thout any fenſtble addition be curned 
into a permanent dry Powder, and may ag3in in a trice by bare 


heat be cutned inco a laſt ngly- laid body. Whereto | added 


other Experiments, which together with theſe Mr. Hobbs would 


poſhbly have though fic co anſwer, if he had tound it eafie for 
him to do ſo. 


After this paſſage extant in Mr. Hebby's fifrh page that I have 
all this while been examining, I remember notbing in his Dia- 
logue that requires to be infiſted on about Fluid cy and Firm- 
ne(s, till we come to the 29. page, where having asked what 
cauſe the Academians aſhgn ot Hardnefs, 'risanſwered that ſome 
Page 29, Of chem aſſign three : co which Mr, Hobbs fo far agrees 

as ro ſay, Puin corpuſcals (quali ſunt atomi quas ſwp- 
ponit 


LIMI 


# Lucretins atg; *t/am Hobbius) jew ante dura facile prfint ab 
alrqua diffarum cauſarum — ita #t totum ex illes faitum du- 
rum fiat, dubitandum non eff. But then he would have us affign 
the cauſe of that he calls durwm primem. But :frer (ome dil 
courſe, wherein he is pleaſed to approve an ObjcRion of mine 
againſt ſome learned men that aſcribe all Coheſion of bodies ro 
4 certain Glue, he anſwers himſeli the ObjeRion he frames a- 
oainſt my Dodtrine about Hardnels, and thereby allowed me to 
proceed to what he further preſſes in cheſe words, St du- 
74 ex primis duris fiert dicant, quare non & fluida fieri 
putant ex primis fluidis ? An creart fluida maxima potuere,ut ether, 
minims non potuere ? ut corpuſculum darum aat fluidum primue 
fects, potuit, ſi libuiſſet, ind feciſſe tum majws, tum minus quorung; 
corpore dato. Luod fi finidum fiat ex non fluids, ut vos dicitis, of 
durum tx daris tantum,nonne ſequitur ex fluidy primis neq fluidam 
fiert neq; duram ? Bat againſt chis paſſage I have divers things 
rorepreſent. For, firſt, (not now to mention tht ir may be que- 
ſtioned with what propriety one pare of matter more then ano- 
ther may be called primum dur#m) he ſhould have rold us what 
he means by his prime fluids, and how he proves that there are 
any ſuch z which ſince he has not done, 'twill be ar leaſt as hard 
for a ag, man to acquieſce in hisQueſtion as to anſwer it. 
For my part, I know no fluid body upon whoſe account, as of an 
Ingredient, all others are fluid, And, I think, 'twill be hard for 
Mr. Hobbs to ſhew that Water, Quick6lver, and purely-reQifi d 
Chymical Oyles (to name now no other liquors) doconſiſt of 
ſuch flaida prime as he teaches, whereto they owe all their Flui- 
diry. And 'tis plain by ſeyeral Experiments delivered in our 
Hiſtory, and even by the obvious changes of Water and Ice into 
one another, that 'tis the motion, reſt, and the texture of the- 
Corpuſcles which compoſe a Body, that: make it firm or fluid.. 
As for what Mr. Hobbs demands, whether the ſmalleſt Fluids. 
imaginable could not as well have been created as the «/£ther, it 
proves nothing againſt me, the Queſtion not being, whar might: 
have been made, but what is ſo, Aad he ſhould have anſwered: 
the- 
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- » Aitory of Eire. ihe Arguments I * alledge to make it impro-. ® 
v<is, p2g.227.ard bable that a fluid body is, as he would perſwade 
competes - us in his book +. De Corpore, alwayes diviſible in- 
*P--6-5*Q-4- to bodies £qually fAuid, as Quantity inco Quanti- 
ties. *Tis true, he there tells us that, though many others do 
not, He underſtands by Flutdity that which # made ſuch by Natare 
equally in every part of the fluid body, in ſuch manner as water ſeems 
fluid, and to divide it ſelf into parts perpetually fluid, Bur whe- 
ther others will take this fora clear Notion of Fluidity I chiak 
may well be doubted ; and he ſhould not barely (ay, bur prove, 
(which, Icbink, he will find bard ro do) that the Corpuſcles of 
water divide themſelves o as tre teaches, ſince we ſee, that nor 
onely they cannot penetrate Glaſs, but are unable co be driven 
in at the Pores of more open bodies, which other liquors eafily 
pierceinto. And, laſtly, as to Mr, Hobbs's Queſtion, 2nod þs flu- 
idum fiat, &c, "tis eafte to foreſee what according to my Doc- 
trine I may anſwer : For, not co mention that the Argumenta- 
tion is invalid, unleſs by Fluidum he mean Omne fluidum, Ire- 
ply, That cill he have explained whac he means by his Fluids pri» 
ma, and proved that there are ſuch, the Queſtion needs no An- 
(wer. Belides that whatever he upon miſtakes ſtrives to in- 
fer, my Dodrine is ſo far from affirming that chere are many 
parts of matter of which neither fluid nor hard bodies can be 
- made; that I teach, as we have lately-ſcen, that there are multi- 
tudes of parts that may, by being reduced to a ſufficient ſmal- 
neſs and put into a convenient motion,or by being brought to a 
mutual contaGt and reſt, be made to conſtitute” cicher a fluid bo- 
dy or a firm one: as may be exemplified in the formerly-men- 
tioned inſtances of two (ubtile liquors that immediately com- 
. poſed a confiſtent body z and of Quickſilver, which without ad- 
ditaments was made ſometimes a Powder, and ſometimes a Li- 
quor. What Mr. Hobbs addes in the next page a- 
bout the difficulcy of explaining the Diaphaneity of 
. Glaſs or Cryſtal, in cafe they conliſted of Corpuſcles hard and 
implicated, -or aaving their Pores in any way whatſoever dif- 
joyned, 
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joyned, I muſt not now infiſt on; fiace beſide that ſuch a diſ- 
quifirion would require almoſt a Volume, the true and general 
cauſe of Tranſparency in bodies is in my poor Opinion one of 
the abſtruſeſt- chings in Natural Philoſophy, and Mr. Hobbs's 
Explica:ion of ir (though none of his worſt Conceits) has for 
ought I can find fallen ſhort of ſatisſying the Curious, as well as 
thoſe of other men have done. But to me,that have not taken up-- 
on me to write Elements of Philoſophy, ir is enough that I have 
by competent Experiments and other Proofs confirm'd the truth 
of my Dodrine about the cauſe of Firmneſs; chough I actempe 
not to explicare the other qualities of the (ame bodies, whoſe 
Explication my undertaking does not exat, Wherefore I 
hope I may now haſten to conclude rhis Appendix, with ſpending 
2 few words on the Notion of Fluidity and Firmneſs Mr. Hob6: 
would ſubfticuce inftead of mine. For, having now (perhaps 
but too prolixly) examined what he has been pleaſed to object 
againſt my Dorine, I ſhall nor need ſpend time ro vindicare the- 
Experiments and Confiderations whereon 1 built it, Mr. Hobby, 
for reaſons beſt known to himſelf, not having thoughe fit to take- 
notice of them, 

Mr. Hobbs's Theory of Fluidiry and Firmneſs is thus deliver- 
ed by himſelf F 4 fluids 

B, Duanam durt o& fluid: [wnt principia ? 

A. i aliud nift Fay Lara hn durt aute ns, "uw 
Motus quidam ad ilium effectum producendum idonews f Per Qut6- 
tem imtelligo duarum partium inter ſe quittem cum ſe mutue tangunt. 
quidem, ſed non premunt : Nam & fivida moveri tote poſſunt reten- 
ta flulditate, & dura quieſcere, wt tamen partes torunm moueantur. 

I doubt nor but this will co moſt Readers ſeem a Paradox. And 
a5 for bisR atiocination contain'd in the two laſt lines, I ſhall readi-- 
ly allow him that Fluids movers tot poſſunt prays nan fiace 
that I think agrees at leaft as well with my Hyporheſss as his: bur 
whereas he adds that hard bodies: may reſt; and yer their parts- 
be moved, that may in one caſe be conceived, and in another 


not, For indeed the implicated parts of a firm body may be- 
m made- 


(-32 ) 
made to tremble, or a little vibrate as it wer? to and fro, as thoſe 

of a ſounding Bell do, or as in a Hedge the branches and twigs 

may be (ſhaken by the wind, whileſt the trees and buſhes them- 

ſelves continue rooted in the ground. But that in a body the 

conſtituent Corpuſcles ſhould all or moſt of them be moved 

quite out of their places in reſpect of one another, as was lately 

ſhewn to happen ia flaids, and yet the body continue hard, is 

more requiſite then eafie to be proved. 

But Mr. Hebbs contents himſelf to alledge in favour of his 
ſtrange Notion touching Fluidiry and Firmneſs three particulars, 
which, I confeſs, afford me not the leaſt ſatisfaRion, 

The firſt is drawn from what he formerly caught couching che 
ſwift motion. of che Air in our Cylinder ; which Example (as he 
calls ir) having repeated, he adds, Atq; hine manifeſtum 
eſt vehementem eſſe in aire ita moto & clauſo compreſſio- 
nem, quantam ſcilicet efficere poteſ is ilia qua incuſſus erat , atq; 
etiam 4 tanta compreſſione aliquem gradam confiftentie fieri, quan- 
quam conſiſtentia aqua minorem. 9uod þ eſſet in liſdem particulis 
arris omnibus, preter motum illum quo altera alteram premit, motus 
ille circularis ſumplex, iſq; ſatis vehemens, impoſſibile fere eſſet unam 
earum 4 ſuo circello dimovert, quin reliquis particulss refipentibus, 
totus fimul premeretur, id eſt, totum durum eſſet : durum enim eſt to- 
tum illud, cujus nulla cedit pars niſt cedente toro, Vides ergo poſſe 
fieri duritiem in fluidiſfimo atre per motum hunc circularem ſimplt- 
cem particularum,quibus duo motus contrarti aftte dederant vertigine, 

Bur, Iconfeſs, I do not ſee how the Motws circulars fim- 
plex he talks of (hauld give ſach a hardneſs £0 the fluid Air : nor 
13 it manifeſt co me how the Air chat perfeRly fills che Cylinder 
can be by motion compreſs'd, eſpecially ſo far as to obtain there- 
by a degree of confiſtence fit to be mentioned, as he (peaks of 

ic, when (without adding the word mwch, or any other equivalent 
term) he (ayes that yer 'tis leſs then the conſfiſtence of water, For 
the Cylinder being, according to him, perte&ly tuil of Air, I ſee 
not how the Pump ng can make the Cavity (to uſe his own ex- 
preſſion elſewhere) fulrr then fat; nor conſequently can cam- 


pres 
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preſs the Air toa confiſtence any thing near that of water, wich- 
out penetration of Dimenſions. Burt theſe things. were menti- 
oned onely ex abundanti, for the violent motion it ſelt of the Air 
in che Cylinder (which motion the Argumenc ſuppoſes ) has 
been already, in the Ex«men of one of the former paſſages of 
his Dialogue, ſufficiently manifeſted to be contrary to Expe- 
rience. 

The ſecond thing Mr. Hobbs alledges is his Conceit of the 
Generation of Fleth within the Muſcles of the humane body. 
Bur, beſides that he takes for granted two or three things which 
many learned Anatomiſts and Phyſicians, even among the Mo- 
derns, will ſcarce allow him, and which he does not prove : be- 
fides chis, I ſay, (which I may elſewhere have occaſion to con- 
ſider further) the account he gives of the Generation of- Fleſh 
from theſe ſuppoſitions, is far from being evidently enough de- 
duc'd to vie for clearneſs with many of thoſe Experiments which 
I have alledged in favour of the Opinion he oppoſes. And 
whereas he adds, Atg; tals quidem fe poteſt cauſa ef fi- 
ciens Duri primi;, Duri autem ſecund!, ideſt, Duri a co- 
ha ſione durorum primorum, cauſa poteſt eſſe motus ille idem circulars 
ſimplex conjunttus cum contattu eorundem ſuperficiali, vi etians in- 
tricatione: Not again to ſay any thing to his du1wm primum, I 
confeſs 1 do not ſee how the motme circulars ſimplex (hould need 
to be ſaperadded to the ContaR or Intrication of the cohering 
firm Corpuſcles, to procure a Coheſion, to which 'tis need- 
leſs, and which in divers caſes may be rather hindered thea tur- 
thered by it- 

The third thing that Mr, Hobbs alledges is not ſo much a 
confirmation of his own Dorine, as an ObjeRion, as he ſeems 
to think, againſt chat of his Adverſaries. For, Si ſup- 
ponamws ( (ayes he preſently after his laſt-reciced 
words) cum lis, duritici cauſam eſſe magnitudinem aut craſſitiem 
partium, quam rationem redaere poterimm, Cur darior wel firmior ſet 
aqua congelata, qaam eſt eadem aqua ante congelationem * But it 
may eaſily be replyed, That we make not the bigneſs or grol- - 
m 2 neſs 
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neſs of the parts of a body the onely or chief cauſe of its harg- 
neſs, burtheirreſt by ene znother, which che parts of frozen 
water have ; whereas thoſe of unfrozen water have it not, bur 
are in a ſtate of Fluidiry, and conſequently not of Firmneſs, 

Which may be illuſtrated by what I * elſewhere 
* Inthe Hiſlo- relate of pure Oyle of Aniſeeds, and a ſabſtance [ 
oY diſtilled out of Benzoin, both which bodies were 

ſometimes flaid and ſometimes conliſtenr, as the 
oreater or leſſer warmth of the Air kept cheir parts in a due moti- 
'on Or ſuffered them to reſt. 

But in exchange of theſe few and unconcluding Argu- 
ments, which are all that Mr. Hobbs alledges co countenance his 
Paradox, how many Experiments and Reaſons might we tran- 
ſcribe eut of our Hiſtory of Fluidity and Firmaneſs in favour of 
the contrary Trugh 

And as Critical as Mr. Hobbs appears in laying down the re- 

© qQuifires of a good Hypothefis, I muſt make bold ro the two con- 
ditions he mentions (p2g.11.) Kt fit conceptibilis (id eſt, non ab- 
ſurds) (which whether it be enough I now diſpute not) & Us ab 
ea conceſſa inferri poſit Phenoment neceſiitas , to adde a third, 
namely, That it be not inconſiſtent with.any other Truth or Phe- 
nomenon of Nature. Which third condition whether divers of 
Mr. Hobbs's Hypotheſes (which himſelf in this place calls miras- 
de ) do not want, we have in part already conſidered in the Trea- 
tiſe ro which this is an Appendix z and (as I newly intimated) I 
might further ſhew as to his Nation of Flaidity and Firmneſs, if 
I would here repeat all the Experiments mentioned in my Hi- 
ſtory of them, though chey be not all chat 1 have made ready to 
the ſame purpoſe againſt another opportunity : but partly weari- 
neſs, and partly a natural unwillingneſs to repear, induces me ra- 
ther toreter my Reader thicher, Which whea | do, I do nor 
forget that Mr. Hebbs appears offended at me and others for 
troubling our ſelves co make un-obvious Experiments. Bur 
rhar | may not repeat what in divers Treatiſes I repreſeat con. 
ccrning the Uſefulneſs of ſuch Experiments,I ſhallnow only op- 
poſe 
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poſe to the Authority of Mr. Hobbs in this Dialogue, wherein be 
has been pleaſed to chuſe thoſe he calls the Experimentarian Phi. 
loſophers for his Adverſaries, the Authority and Reaſon of the 
ſame Mr. Hebbs in another Dialogue (publiſhed but the year be- 
fore) where one of his two Difcourſers having ſaid, 2u7 corpors 
corgoribus admpuendo neue & mirabilis oftendunt Na \ 
ture opera, mirum in modum incendunt animos homt- xx. 9;nu & 
»wm amore Philoſophie, & ad can{as inveſtigandas non Emen4atione, 
parum inſftigant, eoq; nomine laude digni y ow - hy <—_ 
other confirms it by adding, /t« eff 3 nam hiftoriam Naturalens ( {- 
ne qua ſcientia Nataralis fruſtra queritur) lecupletant. And how- 
ſoever Mr, Hobbs needed not have recourſe to ſuch Experiments 
as he would be thoaght to diſspprove, (I mean Elaborate ones) 
to diſcern that his Notions do not over-well agree with the Phe- 
nomens. For, it there be not a various motion in the ſmall parts 
of Water and ſach liquors, whence is it that a lamp of common 
Salc being chrown into a pot of water is there diflolved into mi- 
nute bodies, whereot many are carried to the very top of the wa- 
ter, and are ſo exquiſitely diffuſed and mingled with che liquor, 
that each leaſt drop of it contains numbers of Saline Corpulcles? 
And if motion be the cauſe rather of hardneſs then fluidity, how 
comes it ro pals that in froſty weather lce is by heat (which Mr, 
Hobbs will not deny to be motion, or an effe& of ir) turned from 
a hard to a fluid body 2 And that Metals, as Gold and Silyer,&c. 
whileſt they are either cold, or expoſed but to a moderat hear, 
are firm and conſiſtent bodies; and by a violent heat, which does 
manifeſtly give their parts a various and vehement agication, (as 
appears by their ſudden diffipating ofSpittle, Greace,and far more 
ſtable bodies, caſt upon them, into ſmoke) are put into a fluidity, 
which upon their removal from the fire they quickly exchange 
for firmneſs ? 

Bur ſince the want of more to ſay would not in haſte put a Pe- 
riod to this Diſcourſe, I am content to ler my Haſte break it off s 
eſpecially fince after I have thus examined whatMr, H: bbs teaches 
concerning Fluidity and Firmneſs,citker here,or in that Section of 


his 
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his Elements where he pretends eo define them, Tthink I need 
not fear that a Doctrine which I haye perhaps with 'ſome care 
endeavoured to eſtabliſh, tor the main,upon Experiments, ſhould 
be overthrown by Opinions whoſe grounds are but ſuck as we 
have already ſeen; and in pleading for which che Author is plea- 
ſed not onely to leave almoſt all my Arguments untouch'd, but 


not ſo much as to offer at explicating by his Principles any of 


thoſe numerous and import int Phenomena of Fluidity and Firm- 
neſs delivered in che Treatiſe he oppoſes. 

And now leaving Mr. Hobbs to apply my ſelf to the Reader, 1 
hive to the things hitherto diſcourſt but this one thing to adde 
concerning them, Thar as little cauſe as Mr, Hobbs has hitherto 
given me £0 diſtruſt whac I have written of Fluidicy and Firm- 
neſs, yet I am not now more confident of my ConjeRures then 
I was, when coward the end of the Preface. ro the Hiſtory of 
theſe two Qualities I ſpoke difidently enough of the Theorical 
part Of that Treatiſe, And I treely confels, that the great diff- 
culty of things, and the lircle abilities I find my (elf furniſhe with 
to ſurmount it, do ofren in general beget in me.a great diſtruſt 


even of things whereof my Adverſaries ObjeRions give me 
not 47, 


FINES 
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The (tations Engliſhd. 


\g.11,12. Quarquam vis, &c, Although the force of that motion 

Pi the evacuated Receiver be dimini:heo, being oppreſt by che con- 
fttence of the Air moved within, yer is it not excimanthed: and there. 
fore that oppreſſion being raken off will have (t:engrh enough to excite 
an appearance of light, though ſomewhat weaker then ordinary, 

p.13. Sire, &c, Without which Hypotheſis let never ſo much labour, 
art, colt, be be{towed for che finding our of the inviſible cauſes of natural 
things, all will be in vain. | 

p.I5. Cumejws, &c, Seeing almoſt all irs parts are flexil, like lictle 
ſofc feathers or fine threds, 

Ibid. Sed qu:ſquis, &c, Burt it matters not who was the Author of that 
Suppoſition.For the very Hypecheſis it ſelf, wherein is ſuppoſed a motion of 
ſubcil matrer, which is ſwift without any cauſe aſſigned, and hath moreover 
divers innumerable circularions of Corpuſcles generated from che ſingle 
motion of that matter, is not the conceiprt of a man of wit or ſenſe, 

Ibid. Nempe hoc, &c, This is the thing that the great Des-Cartes 
ſomewhere admired, that he, whether his Politions are true or falſe, doth 
never in atgumentation make any right inference from his Suppoſitions, 

p.17. nod ſane, Fc, Which is indeed a moſt evident argument of 
the weight of the Air, 

Ibid. 2nod quidems lanx, Fc, That the Scale in which the Bladder is, 
is more depre(t chen the other, they may be certain, cheic eyes bearing 
them witneſs : but thar this comes from the natural gravity of the Aic 
they cannot be aſſured ; eſpecially if they are ignorant what is the effici- 
ent cauſe of Gravity, 

p.13. 2uod veſica, &c. That the Bladder, whether ic bz blown'up 
with a pair of Bellows, or with the breath of ones mouth, is heavier chen 
when it is not blown up, I will not deny, becauſe of the greater quanciry 
of Atoms from the Bellows, or of fuliginous Corpuſcles that are blown 
in from the breath. But notwithtanding they gather nothing of ſuſfict- 
ent certainty from this Experiment of a blown Bladder, They ought co 
have put into the Scales rwo Veſſels of equal weight, wh2reof one ſhould 
b2 ſhur and the other open: For by this means Air not blown in, bur one- 
ly incloſed, had been weighed. When therefore you ſhall ſee Air © 
weighed, we will afterwards conlider what may be ſaid concerning che 


Phenomenon you bring, 
AT Ibid 
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Ibid. Qued Atwoifbere, &'c. That many Particles both of Earth and 
Warer mingled with the &chereal body are 1n the Atmoſphere, I am ea- 
fily perſuaded : bur chat in the middle of the ether they ſhould move 
u, wards, downwards, every way, and that one leaning on the back of ano- 
ther-they ſhould not gravicare, is a thing utcerly unconceivable. 

p-20- efer quo, ci, The Air,with which.in the beginning the Spheris 
cal Glaſs was full, being moved by thoſe Earthy Corpulſcles in a fimple 
circular motion, and being compreft by the force of the InfRion, that of 
it which is pure (penetrating the injeted Water) gets out into the open 
Air, and gives placeto the Water. Ir follows therefore that thoſe ear- 
thy Corpuſcles have leſs place lefr, in which they can exerciſe their na- 
tural motion : therefore beating one upon another they force the water 
ro 20 Out ; ic thus going out, the external Air (becauſe che Univerſe is 
ſuppoſed to be full) penetrates ic, and ſucceſſively takes up the place of 
the Air that goes out, until the Corpuſcles, the ſame quantity of Air being 
reſtored, regain a liberty natural to their motion, 

p.21. Quonian per, &'c. Becauſe by the drawing back of the Sucker 
the pure Air was thra(t in, bur che earthy parts were not thruſt in; there 
was a greater proportion of earthy Parricles, which without the Cylinder 
were near the Sucker, unto the pure Air, in which they exerciſed their 
morion as well after this revulfion as before, Wherefore theſe Particles 

ſo moved having leſs place to exerciſe their natural motion in, ſome of 
them fell foul and bear upon the reftk, So that of neceſlity the Particles 
that were neat the ſurface of the Sucker muſt drive it upwards. 

Ibid. Yidifti, &c. You ſee now that this Spring of che Air,which they 
ſapfole,is either an impoſſible thing ; or they mult (for ics defence) have 
rcourſe to the Hypotheſis of Mr. Hobbes. , 

P.23. Quia cuticula omnts, &c, Becauſe every skinis made up of ſmall 
threds or filaments , which by reaſon of their figures cannot accu- 
rately touch -in all points. The Bladder therefore, being a skin, mult be 
pervious not onely to Air but ro Water alſo, as to ſweat : Therefore of 
the Air beat in by force there is the ſame compreſſion wichin the Bladder 
that there is wichour. The endeavour of which, the way of its motions 
being every way croſs, tends every way to the concave ſuperficres of the 
Bladder. Wherefore it is of neceiſity that it muſt ſwell every way, and 
the vehemency of the endeavour increaſing, be totn at laſt, 

P-26, Imeliexti, &c, Rave you underſtood my Hypatheſes? 1, That 
there are with the Air interſperſt many earthy Particles, endued with a 
G6mple circular motion, congente to its natur2., 2. That there is a greater 
quantity of theſe Particles in the Air that is near the Earth, then in thar 
which is more remote from it, Ibid, 
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Ibid. Neg, eff, Fc. Nor is there any one that hitherto has brought 
any reaſon why it may nor be ſo, 
| p.e8. Nibs, &c, Nothing is moved bur by a contiguous Body that is 
in motion. 
p-29. Dum Sauttor, Fc, While the Sucker is drawn back, by how 
much a greater place is left (within,) by ſo much a lefler place is left to 
che exrernal Air, which being thruſt backwards by the mocion of che Suc- 
ker cowards the outmolt parts, doth move in like manner the Air that is 
next it ſelf, and rhat Air the next, and ſo forwards ; fo that it is of neceſſi- 
ty at la{tthar the Air mult be compell'd into the ſpace deſerted by the 
Sucker,and to enter berween the convex and ſurface of cheSucker,and che 
concave 6fche Cylinder, For ir being ſuppoſed that the parrs of the Air 
are infinitely !ubril, it is impoſſible bur they ſhould infinuate themſelves 
chat way by which the Sucker is drawn down, For firt, the concaRt of 
thoſe ſurfaces cannot be perfe& in all poincs, becauſe the ſurfaces them- 
ſelyes cannot be made intinicely ſmoorh, Then, that force which is ap- 
plied co draw back the Sucker, doch diſtend in ſome meaſure the cavity of 
the Cylinder, Laſtly, if in the confines of (that is, betwixe) the two ſurfa- 
ces any one fingle hard Arom ſhould enter, pure Air will enter at che 
fame way, alchough wich a weak endeavour. I might alſo have accounted 
that Air which for che ſame cauſe inſinuares it ſelf chrough the Valve of 
the Cylinder, You ſee therefore the conſequence from the retration of 
the Sucker, to the being of an Empry place is taken away. It will follow 
alſo that the Air which is driven up into the place deſerted by the Sucker, 
becauſe ic is driven up thirher by a great force, is moved wich a very ſmafc 
and circular metion berwixt the top and the bottom in the Cylinder, be- 
cauſe there is nothing there thar can weaken irs motion : and you know 
that there is nothing that can give mocion to irs own ſelf, or dimimth ic, 
P.33. Herent hic, &'c, Here our men are at a ſtand: How will you 
expedire this difficulcy ? | 
A. I have don't already : For rhe Air being beaten back by the re. 
eraQtion of the Sucker, and finding no place ap. world (which we ſup- 
poſe to be full) where it might diſpoſe ir ſelf, beſides that which by dri- 
ving out ocher bodies from cheir places it may make for ir ſelf, is by porpe> 
eual pulfion ar lengrh forced in the Cylinder with ſo great ſwiftnz(s, 
tween the concave ſurface of the Cylinder and the convex ſurface of the 
Sucker, as may anſwer thar tore of power which you found neceſſary to 
the drawing back of the Sucker. Now the Air, with what ſwiftneſs it CN. 
ters, retains the ſame within, and then diftends every way the fides of the 


Braſs Cylinder, which is (of i ſe/f) Elaftical, Therefore the Air in che 
n 2 Cylinder 
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Eylinder being vehemently moved, endeavours or thraſts again all parts 
of theconcave iurface of the Cylinder ; bur in vain, untill the Sucker is 
drawn back: But as ſoon as the Sucker, having (lipt the hand, ceaſes to 
make its inpulſe upon the Air, chat Air which was before driven in, by 
reaſon of irs endeavour againſt every point of the internal ſ#perficres of the 
Cylinder and of the Ela#tical force of the Air, will infinuate it ſelf be. 
tween the ſame ſurfaces with the ſame ſwiftneſs as that by which. ic was 
inpelld, that is, wich that velocity which anſwers che (trength of the Im- 
pulGon. If therefore ſo great a power of Weight be hung upon the Sucker 
as may anſwer the power of che hands by which it was impuls'd ; the 
ſwiftneſs with which the ſame Air goes our of the Cylinder, finding no 
place in the world (which is full) where to-diſpo:e ir ſelf, will again im- 
pell thz Sucker to the top of the Cylinder, for the ſame reaſon chat the 
Sucker a lirtle befo:e made an impulſe upon the Air, 

P.43+ In vas, &c. B: We poured water into arropen- Veſſel, we pla- 
ced in the water a long, freight, ſlender Tube ; and we obſerved-that the 
water did aſcend from the Veſſel underneath into the ereted Tube, 

A. No wonder : For the ſmall Particles that are interſpers'd in the 
Air near the Water, did by their morion beat npon the ſurface of the Wa- 
eer, ſo that the Water mult of neceſſity aſcend into the. Pipe, and that ſen- 
fibly-into a Pipe that was ſo exceeding ſlender. 

44: $19ws, Oc, If any one after the frequently-repeated impulſe 
adi retration of the Sucker, endeayour- to draw out the Stopple of the 
upper Orifice,of the Receiver, . he ſhall find it gravitates very much, as if 
a-weight of many pounds hung uponit. Whence comes this ? 

A. From the firong circular endeavour of the Air-within the Receiver, 
made by the violent ingreſs of the- Air berween- the convex ſurface of 
the Sucker and the concave of the Cylinder, procured by the repeated 
impulſe and revulfon of the Sucker, which-you improperly call the Ex- 
ſuction of the Air, For by reaſon of the fulneſs of Nature the Stopple 
cannot be drawn out, bur the Air chatis in the Receiver (contiguous to 
the Stopple) muſt be drawn out too : which-Air, .if it were ſettled and at 
re(t, the Stopple would eaſily be drawn out; but whiles chat does moſt 
ſwiftly circulate, it comes out very hardly, that is, it ſeemsto be very 
tieavy. 

B: Very likely : For as ſoorrasfreſh Airis by degrees let into the Re- 
ceiver; it likewiſe by degrees loſes this ſeeming gravicy. 

p.46: Vidimu, &c. We ſaw alſo water, being let down into the Re- 
ceiver, after ſome returns ofthe motion-of.che Sucker, to bubble ſo as if ic 
had boiled over a fire. | 

A. This 
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A. This likewiſe h15p2n3, as w2 ſpake, by reaſon of che ſwifrne(s of che 
circulating Air : unleſs perhaps you fin4 th> wwer hot too whiles ic 
bubbles. For if w2 wzre ſure it was hot, w2 mul find out ſome oth2r cauſe 
of the Phenomenon, 

B, Weare certain it is not ſenſibly hor. 

* A. In what therefore can che greater or leſſer motion of the Ar : 0- 
ſphere promote ſuch a motion as this ? 

B. 1 ſuppoſe chey do not attribute this motion to the Armoſphere, 

P.47. A. It is manifeſt from this Experiment, that the Receiver is nor 
made empry by this exſution of Air, as you call ir: For thz water could 
not bz moved bur by ſone contiguons mover, that was ic ſelf in mocion. 
Therefore this Phenomenon ſeems to contain no weak demon{tration of 
my Hypotheſis. ; 

P.48. Belides, tell me, could you ſee the water bubbling in thar 
manner ? 

B. What elſe ? | 

A. Donor your Aſſociates grant that Vifowis made by a continu :d 
a&tion from the obje& unto the eye ?- Do they not alſo think ation to be 
motion, and all motion to be of ſome body ? How therefore could the 
motion be derived from the objeR, che water, unto your eyes through a 
Vacuun, that is ſomewhat that is not a body ? | 

B, Our friends do not ahcm the Recipient to be ſo empry that no Air 
at all is lefr, | 

A. No matter whither the Receiver be wholly, or for the greater part, 
empty ; for which ever you ſuppoſe, the derivation of the motion trom 
rhe object to the eye will be intercepted, 

B, Ic may be ſo ; I can't tell whac co anſwer; 

49. Credin' tu, &'c, Doyou think theſe: Animals were therefore ſo 
quickly killed becaufe rhzy wanted Air ? How then do they who make a 
trade of Diving live under water, of whom there be ſome who being ac- 
cuſtomed from their childhood have wanted Air a whole hour ? No. Th: 
moſt vehement motion by which Bladders {but therein are diſtended and 
broken, kills theſe Animals ſhut up in the Receiver, 

Ibid. £go contra, &c. I on the concrary think chat neither the Air 
Can be ſuck'd out, nor that the Animal would ſo ſoon dye if ic were ſuck'd 
out, The aQtion indeed to which this death is a conſequent may ſeem ei- 
ther a certain ſition (and ſo, that the Animalis kitl'd by the exſuRtion of 
the included Air, its Reſviration being taken away) or a compulſion of the 
Air from all parts towards the Centre of the ſpherical Glas in which the 
Animal is incloſed; and ſo may be ſeen to dye ifled by thetenaciry. of the 
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compreſs'd Air, as it were, wich Wacer ; the Air, more tenacious then 
uſual, being drawa into the inwards of che Lungs, and there berween rhe 
Pulmonary Artery and Vein topping the coutle of the bloud, 

P.g1. Placer, &c, Your Hypotheſis pleaſes me better then thac of the 

Spring of the Air : For from its cruth depends the truth of a Yacuwns or x 
Plenum ; but from the truch of chac noctung follows on eicher pare of the 
Queſtion. The make of the Air (ſayes he) is like that of compreſt wooll. 
Well ; wooll is made of hairs or chreds, Right ; but of what figure? if 
of a P arallelopipedon, there can be no comprethon of parts : if not of a 
Parallelopipedon, there will be berwixt che hairs cercain ſpaces left, which 
if they be empty they ſuppoſe ſome place empty, to prove that a Yacuuns 
is poſſible ; if full, chey ſay thac is full which chey ſuppoſe to be empey. 

p-54- Fuere, &'c, There were ſome of them char ſaid there remained 
in thoſe coals (chough they ſeem'd exringuiſh'd) ſome fiery Particles, 
which being blow'd up by the Air upon ics admilſion did re-kindle the zeſt 
of the maſs, 

Ibid. Ng, &c. In good faich they ſeem aot ſo much to have conſider. 
ed what they ſhould ſpeak, as to haye taken ic upat all adventures. Do 
you believe chat in a kmdled coal, chere is any part which is noc a 
coal but fire; or in a red-hot Iron there is any part chat is not Iron bu 
Fire? A great City may be ſer on fire by one ſpark : Now if the body of 
fire be differcnc from the ching fired, there can be no more parcs of fire in 
the whole Town on fire then that one ſpark, We ſee bodies of divers 
kinds may be ſet on fire by the lighc of che Sun, as well by che Refra&ian 
as cheReflexion thac is made in Burning-glaſſes. And yet I do not believe 
that there is any man thinks that Particles of fire darred from the Sun 
can paſs through the ſubfience of a cryſtal Globe. And in the Air be- 
eween the Sun and the Glob: there is no fire, 

.56. When is icthat we may truly ſay of a man that heis dead, ar 
(which is the ſame) hath expired his Soul ? For it has been known that 
ſome men who h1ye been taken for dead, being brought out che next day 
revived, 

A, Itis bard to determine rhe point of cime in which the ſoul is ſepara- 
ted from the body. Proceed therefore to'other Experiments, 

P.$7. $i arm, &c, Af a Needle excited: by a Loadſtone hang free. 
ly within the Receiver, it will nevercheleſs follow the motion of the Tron 
which is drawn about without che Receiver. So objeRts put within will 
be ſeen by thoſe that are withour, and ſounds made within will-be heard 
wichout ; all cheſe as well afrer as before che exſuction of che Air, excepe 
ch: ch: ſounds are ſomewhat more weakly heard after then before, 

B. Theſe 


BF. Theſe are moſt manifeſt fgns that the Receiver ivalwayes full, and 
that the Air cannot thence be (uck'd our. Thar the ſounds thence are 
more weak to ones hearing is a fign ofthe conliftence of the Air ; for thz 
conſiſtence of the Air is dtamernecally oppoſite from irs motion. 

P.59. 2uia mbil, &c, Becauſe there was - nothing there that the 
weight of che Armoſphere ſhould do ; no more firong or evident Argu- 
menc could bs made again? a Yacwnm then this Experttent, For it of 
two coherent Matbles either of them ſhould be thruſt forward, that way 
that their ſurfaces lye contiguous , they would eafily be ſever'd ; the 
neighbouring Air ſucceſhyely flowing into the deſerred place. But ſo to 
pull chem afunder, that at one time they ſhould loſe thzir whole contact, 
15 impoſſible, the world being full. For then either motion muſt be made 
from one term to anotherin an inftant, or two bodies at the ſame time 
mult bz in che ſame place : ro ſay either of which is abſurd. 

2.60. Confuentur, Fc, They themſelves and all others confeſs, that 
all Ponderation is an endeavour every way by right lines unto the Cenrre 
ofthe Earth ; and ſo thar itis made not by the figure ofa Cylinder or 
Cotumn, but by a Pyramide, whoſe rop is che Cenrre of the Earth, and - 
whoſe Baſis is part of the ſurface of che Armoſphere. 

Ibid. Coratie, Oc. Therefore the endeavour of all the points thac 
ponderate will be propagated ro the ſurface of the upper Marbfe, before ic 
can be propagated further (ſuppoſe) ro the Earth. 

p.62, Has, &c. Theſe Scales he purs one npon another and draws 
our the Air, and then are they kept ſo compreſt and united by the graviry 
of the external Air, that fix ftrong men cannotpult them aſund-r, Rurif 
at length by the uſe of utmoſt endeavour they are plucke in ſunder, thy 
make a noiſe equal to the report of a Muſquer ; but as ſoon as eve: by the 
Stop- cock open there is the leaſt entrance giventothe Air, they are (e- 
vered of their own accord. 

p.63. Sedvis, &'c, But can the Spring, which they ſay i; in che Air, 
confer nothing to the holding up the Marble ? —— Nothing at all : For 
there is no endeavour of the Air tothe Centre of the Earth, more.thenro 
any other potnt inthe Univerſe.For ſeeing thar al{ heavy things cend from 
the circumfe:ence of the Armoſphere unto the Centre of the Earth, and 
thence again to the circumference of the Acmoſphere by the ſame refleR. 
ed lines, the endeavour upwards will be equal to the endeavour down- 
wards, and ſo deſtroying one another they will endeavour neicher way, 

p.63. Non poteſt ergo pars BC, Oc. Therefore rhe part BC (thar is a 
part of the Atmoſphere phced any where within the whole) cannot (by 
x2aſon of its greatneſs) deſcend, although ir be heavy,and therefore it can» 
not preſs or gravitate, P64. 


P.64.- 81 prſſibile, Ge, 1f1 ſhould deny it-potible, that by the arr of 
man two iuitaces of two bocies could be made to accurately fir that they 
{hould rouch in all x oints, fo that there could no creable Corpuſcle paſs 
berween theinz 1 do not ice how they could defend their own Hyporheſis, 
or Ciiprove our Negativeaſlertion, | 

Ibid, V:raque, &'c. toth thole Fancies, as well chat of the Weight as 
of the Spring or Antunpy of the Air, are Dreams. Bur if it be granted 
thar there is a kind of Kecoyling in thoſe ſmall hairs or ſlender Corpguſ- 
*cles of which the Air conſis ; one may enquire whence it is that thoſe 
crooked bodies, ſettled and at quiet in that poliure, came to be nioved 
into a lircightneſs, They ought, it chey will be efteemed Nacural Philo- 
x hers, to ath1gn ſome poſſible cauſe of this. 

p.6g. Cur non, &c, Why cannot the water, which when ic was in- 
jeted did compreſs the particles of Air, be again caſt out by the ſame 
rarticles explicating themſelves ? 

A. Becauſe when explicated they require no greater place then when 
compreli: As ina veſſel full of water, wherein are many Eeles, che ſame 
proportion of place receives them, whether they are folded round or at 
length. Therefore they cannor drive up the water by their Spring, which 
is nothing elſe but the motion of bodies explicating theinſelyes, 

B. The compariſon of Air co Eeles in water I ſuppoſe will be well re- 
ceived by our Academians, 

p.66. Vider, &'c, You ſee how fooliſh a thing it is to bring for the 
explication of ſuch effe&s Metaphorical words, as the ſbunring of a Vacu- 
um, the abhorrence of Nature, &c, which heretofore the Schools uſed to 
vefend their reputation. 

Ibid. In the Gardeners Watering-pots therefore is the water ſuſpend- 
ed, becauſe that which ifſues out at (o ſmall a hole is ſo lictle,that it cannot 
diffuſe it ſelf ro ſuch a length, that by irs deſcent it may give paſlage to 
the Air through the circumferences of the holes. Nor can the Air driven 
off by the water going our find any other place beſides that which the wa- 
ter leaves. 

P.67. 2 per, &'c, He that ſucks water into his mauth by a Pipe, firlt 
ſucks up the Air between , whereby he removes the diltended exter- 
nal Air, which being removed (the world being full) ic can have no place 
bnt by removing the next, and ſo by continual puliion the water is at length 
driven into the Pipe, and dorh ſucceed the Air which is ſuckr our, 

p.69. Id vers, &c, But that is impoſhble: For in a Siphon, unleſs both 
Jes are filled wich water, the water will not aſcend out of the Baſon. 
1 he can.e of ics aſcent into the cloth is that motion of the earthy A 
whic 
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which are near the water, I ſay the Gmple circular motion communica- 
ted tothe Air in which they move, which Atoms friking the water beat 
irup into. the woolly matter, which beating of them againſt che cloth 
makes it more and more moiſt, till it becomes all over wet. And ryhen 
ic 1s ſo, 8c. - 

p70» A. Fateris, &c, You confeſs then that your Collegiates have 
as yen nothing advanced the knowledge of natural cauſes, but that one 
of them hath found out an Engine, in which there may be ſuch a motion 
of the Air excited, that the parts of the Sphere may rogethe: every way 
rend unto the Centre, and that the Hypotheſes of Mr, Hobbes, before pro- 
bable enough, may be thence made more probable, 

B., Right ; Iam not aſhamed to conteſs it ; for it is fomewhat to ar- 
rive fo far, if we can make no further progreſs. 

p.71. A. Why ſofar ? To what end ſuch preparation and charge for 
Engines difficulc to be made,to make no further diſcovery then Mr. Hobbes 
had made before you 2 Why did you not rather begin where he ended 2 
Why did you not uſe the Principles he had laid ? and when Ar:forle had 
rightly ſaid, That without the knowledge of Motion there 1s no knowledge of 
Nature, how dutſt you take ſuch a task upon your ſelves ? 

Ibid. Eft, Fc. Thus to have made antntrauce, though we miſs 

Of further progreſs, ſome per formance ts, 

p.75- But moſt of us diſtinguiſh the nature of fluid from that which is 
not fluid, by the greatneſs of the parts of which any body conſiſts and is 
made up with, Wherefore we do not onely look upon Air, Water, and all 
Liquors, but upon Aſhes alſo and Duſt, as fluid bodies. And we deny 
not that fluid things may be made of things not fluid ; for we do not digeit 
the Notion of infinice Diviſibility, 

- eA. Infinite Diviſion cannoc be conceived, but (i»fimte) Diviſibiliry 
may eaſily. I onthe contrary do not underſtand the diltintion of Fluids 
and not Fluids, which you take from the greatneſs of the pacrs : could I 
digeſtthis, I muſt ſay, the ruines of ſhatrered rubbiſh tones that lye in 
Pauls were fluid, But ifthoſe ruines cannot be called fluid becauie the 
ſtones are too big,define me the bigneſs that the parts of a ruin'd wall muſt 
have that they may be called fluid. But you that cannot underſtand infinice 
DiviGbilicy, tell me what you think co be the cauſe why I ſhould think ic 
more hard for Almighty God to create a fluid body leſs then any Atom 
propoſed, that its parts might aQually flow, then co create the Ocean, 
Therefore you make me deſpair of any fruit of your meeting, by ſaying, 
that theychink Air, Water, and other fluids confiſt of Non-flaidr; as 1f 
a wall that bzgan tofall and be ruinons were called by them a fluid body, 
(9) | It 
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If chey may ſpeak ſo, every thing is fluid, for even Mable ic ſelf may be 
broken into parts leſs then any Atom imagin'd by Epicurm. 

.76. Ruin, &'c, The ruinesthar lye in Pauls Church might be cal. 

led fluid. | 

Ibid. S:/ic, &c. If they may ſo ſpeak, there is nothing bur is fluid, for 
even Marble may be bearen into parts leſs then any Ep:curean Atom, 

P.77. Divifie, &c, Diviſion that is infinite cannot be conceived, Di- 
vitbilicy may eafily. 

P.78,79. Luis corpuſcula, &c, But the Corpuſcles (ſuch as are the 
Atoms ſuppoſed by Zvcrerizs and alſo by Mr. Hobbes) being hard before 
might be eaſily compacted by any of the mention'd cauſes, ſo that iris nor 
co be doubred bur that the whole to be made of thoſe Corpuſcles will 
be hard. : 

P.79. Si dura,&c, Tf hard bodies are made out of parts originally hard, 
why are not fluid bodies made of parts originally fluid ? Could great fluids, 
as the e/Zther, be created ; and could not ſmall ones ? He that firſt made 
a body hard or fluid, could if he would have made it greater or leſs then 
any other propoſed body. Now if a fluid body bz made of parts not fluid, 
(as you ſpeak) and hard bodies onely from hard parts; doth ir not follow 
that norhing neicher fluid nor hard is made of original fluids ? 

p.81, B. 2uenam, &c, What are the Principles of Fluidity and 
Firmneſs ? Q 

A. OfFluidiry nothing but Reſt, of Firmneſs Motion, ſuch as is fitto 
produce that effe&t, By Reſt I undertiand the relt of rwo parts one wich 
another, when they each touch, but neither preſs one another. For entire 
bodies of fluids may be in motion their fluidity abiding, and hard bodies 
be at raſt although their parts be in motion. 

p.82. Atg, hinc, &c, And hence it is manifeſt that there is a oreac 
compreſſion 1n the Air ſo moved and ſhut up, namely, ſogreat as that 
force by which it was driven in was able to make ; and alſo that from fo 

© great compreſſion ſome degree of conſiftence muft be made, though leſs 
then that of the conſiftence of water. Now if in all the ſame Particles of 
Air, beſides th motion by which one preſſes another, there was alſorhe 
ſimple circular motion, and that vehement enough, it would be almoſt 
impoſſible any one of them ſhould bz moved from ts lirle circle ; bur 
that the other Particles reſiſting, the whole would be preſſed together, thae 
is, become hard : For that is hard of which no part gives place but upon 
the Motion of the whole. You ſee therefore that hardneſs may be made 
in.a moſt fluid body by chis-ſimple circular motion of Particles, which was 
o>fore imparted to them by two.contrary motions, 
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p.$3. Atg, talir, &c, And ſuch indeed may be the cauſe ofthe Darum 
rem, Or fit hard body, But of the ſecond, that is, of the coheſion of 
ewo of theſe firlt hard bodies, the cauſe may be the very ſame ſimple circu. 
lar motion, conjoyned with their ſuperficial contaQ, or perhaps their be- 
ing one with another intricated. 

Ibid. S: ſupponamws, &c, If we ſuppoſe with them that the cauſg of 
hardneſs is the greatneſs or thicknels of the parts, what reaſon can we 
give why congeled water ſhould be harder or firmer then the ſame water 
is before ſuch __ 4g ? 

p.84. Ut ſit, &'c., Thatir be conceivable, that is, not abſurd ; and that 
from irs being granced the neceſſity of the Phanomenon may be inferr'd, 

p.85. 2%:, &c, They which putting bodies to bodies ſhew the new 
and admirable works of Nature do wonderfully inflame che minds of men 
wich che loye of Philoſohy, and do not a little inſtigate chem unto che 
ſearch of Cauſes, and on that account are worthy of commendation, 

True, for they entich Natural Hiſtory, without which Natural Science 
is in vain ſought for, | 
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A Summary of the Contents of the 
ſeveral Chapters, 


# 


. Chap. t. 
| Tx ocsafion and [cope of the Pee Treatiſe, Reaſons why Mr,Hobbes 
might have employed himſelf otherwiſe, and have pared this Di. 
conrſe, p.2. Why the Author would have been contented he had done ſo, ibid, 
thy he now undertakes the Reply, p: Jo 
Chap. 2. 

Of ſome miſtakes of Mr, pudbes anodic matters of Fat and the Au. 
thors Doftrine, That he mift akes iz aſcribing the | Exphications and Expg. 
riments in the Phyſico-Mechanical Treariſe to the Society at Greſham 
Colledge, p.3, the Experiments having been ſeen done long, and the book. 
publiſhed, before the Society began, &c,p.q. That the Experiments were' 
not deviſed nor employed toprove a Vacuum, p.5. Whether My, Hobbes 
by the Experiment of the © ardeners watering-pot demonſtrates that there 
can be no Vacuum, p.6. That if the watering-pot were tall enough, the wa- 
ter would run ont without unſtopping the upper Orifice, prov'd by M. Paſchal's 
Experiment,p.7. The way of Argument on both ſides compared, p,7,8, 
Why the Anthor d:d not aſſign the cauſe of Springs, p.9. That Mr,Hobbes 
his account of Springs is imperfelt, and that he has not ſolved the Phxnomena 
of them, p.10,11,12,13. That he miſtook the Authors notion of the Air, 

»I4,I5, R 
SY Chap. 3. 

wherein the weight and Spring of the Air are aſſerted againſt Mr, 
Hobbes. Several Experiments recited that prove the real Werght of the 
Air, p.16,17. Mr, Hobbes's Objeftions againſt the Experiment of the 
heavineſs of a blown Bladder,p.17,18. anſwered, p.1g. The Spring of 
tbe Air aſſerted from Mr. Hopþbes's conceſſions, p.20,21. The ſame aſ. 
ſerted by particular Experiments, p.2242 3+ Mr. Hobbes his anſwer to 
that of the Bladder conſidered, y.23,24. Experimems of the Spring of 
the Air not compreſt, p.2 x. 

Chap. 4. 
* wherein Mr. Hobbes's his principal Explications of the Authors Phzno- 
mena «re examined. What things Mr. Hobbes takes for granted, p.26, 
His Hypotheſis conſidered of the [imple circular motion, whether it be not 
precariouſly aſcribed to aqueous and earthy Particles, p.27,28, Whether m 
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the exhauſtion of the (linder any Vacuum be produced, P.29,30,37. 
Experintnts to prove that the Glaſs 1s 1n great part devoid of commun Air, 
P.31,32s Wnrether a purer ſort of Air may unpercerved dive under water 
to paſs into the Receiver betwixt the Cylinder and the Sucker, P.33,34: 
That the Carteſian way of explicating this Phxnamenon in favour of ths 
Plenilts is more plauſible tnen Mr, Hobbes's, P.34. Whether the place de- 
ſerted by the ſusfended Mercury in the Torricellian Experiment be en: p:y or 
fall of Air, P+36,37- Mr. Hobbes's Explication of that Experiment of 
Agr. Boyle, 1 which the Air impells up the Sucker together with above 
1co, pexd weight, p.38,39, The Examination of this Explication', 


P.40) 4Ts, 
Chap. 5. 
In which dryers ſcatter'd Explicatiovs and other p4ſſages in My, Hobbs"; 


Dialogue are examined : His Explicatimns why water without viſible force 
aſcends in a ſlender Pipe conſidered, p.43,44. Why the ſtopple of the Co- 
ver of th: exhauſted Recerver ſo —_—_ vntates,conſudered, p.44,45. His 
Explication and the Authors, why in the exhauſting of the Receiver water 
let down into it boyles as it were or bubbles there, viewed and compared, v.46, 
47. Whether the Phznomenon of this water bubbling in the Receiver be 
an evidence that there is no vacuity in the Receiver, P.48,49. Whether 
Animals in the exhauſted Receiver dye for want of Air, or far the canſes aſ- 
firned by Mr. Hobbes, P.50,5I. That the eAuthor aſcerts not the proof of 
a Vacuum or Plenum to depend on the Hypotheſis of the Spring of . Air, 
p.gl. That the Air in the exhauſted Receiver is not thicker but thinner, 
nt heavier but lighter, proved MA Experiments, p.52,c3. Th: Ericurean 
Hypotheſis of re, and the effe of the Sun-beams through Burning-glaſſes, 
P.55. Whether he deſerves a —_ _— calls kindled coals fire, p.55,56, 
ap. 6, 

therein other paſſages of Mr, Hobbes's Dialogue that concern the As. 
thor are examined, That the Experiments of the Needle's mation in the ex. 
hauſted Receiver, and of ſonnds being audible, and objefts viſible there, are 
reconcilable to the dettrine of the Atomiſts, p.5 7, Whether from the cahefrou 
of two Marbles the non-exiſtence of a Vacuum follows, P.59. How the 
lower Marble is upheld, p.60,61,62. The power of the oblique preſſure of 
the Air to theſe effeits illuſtrated by Experimepts, p.62. Whether the throw- 
ing up of water in the Glaſs fountains, invented by Vincenzo Vincenti of 
Urbin, can br:explicared by the Spring of the Air, P.64>65> Mr. Hobbes's 
Explication of the cauſe of waters being. ſuſpendediwa Gardeners Watering + 
pot examined, p.66. eAn Experiment purpoſely deviſed to ſhew that both 
Vacuilts and Pleniſts ſhould admrt an Elaſtical power in the Air, p.67,68. 
Mr. 
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My, Hobbes's correftion of the Authors diſcatirſe «bout the gſconſie of was 
ter in Siphons and Fultres animadvuerted, p.69,70. Some unband/owm paſſs.. 
ges, and ſuch as ſbew the unequal eftimation Mr, Hobbes has of his own ay © 
others performances in Philo ophy, PoFL,7 2. What parts of 2A1r, Hobbes's 
1reatiſe, and why, paſt by without __ by the Author, p.73. 


4 . , 
( Being an Appendix bo the paſt Diſcourſe ) 

Wherein is examined what Mr. Hobbes teaches concerning Fluidity and 
Firmneſs, Mr, Hobbes miſtakys, aad ſe miſreports, the Authors Dettring 
of the cauſe of FRY, p47 $276. His Animadverſions on the Doltrine 
corfidered, p.J7,78. ther fluid bodies are made from parts ori inally 
finid, or from ſmall Solids in motion, Tc. p.79,80,81, Mr. Hobbe 
Theory of Fluidity and Firmneſs examined, p.81,82, &c. What influence 
therein his ſimple circular motron may have, conſidered, 82,83, That there 
ia third requiſite of a good Hypothefis, viz. That it be not inconſiſtent with 
avy Truth or Phenomenon of Nature, p.84. That Ar, Hobbes his Hy. 
rothelis wants this requiſite, proved by references, p.$4. by inſtances out of © 
__ 7, not elaborace, Experiments, p,8g, The Coneluſion to the Rea- 
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Age 19, line 26. lege Eerthy particles, p.20. 1, 14. pleneerets p. ay, in the Marge 
lege Poge 13, p.63. 1.30. Kage pars BC. | 


